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81. The Mechanism of Some Ionic Reactions in Aqueous Solutions. 
By JosErH WEIss. 


The mechanism of the reduction of ferric chloride stannous salts is discussed in detail and it is shown that 
the stannous chloride enters as the complex anion (SnCl,)?~ into a. (two-stage) reaction of simple electron-transfer 
rocesses. 
In connection with this, Shaffer’s general hypothesis for oxidation-reduction processes is found not to agree 
. with the experimental facts. All these reactions can be easily interpreted on the basis of the ‘‘ one- 
mechanism of oxidation-reduction processes, excluding reactions with (multivalent) ions of the a 
which are statistically disfavoured on account of Coulombic repulsion. - 


Tue well-known reduction of ferric chloride by stannous salts was investigated first by Noyes (Z. physikal. 
Chem., 1895, 16, 576) and subsequently by several workers (see, ¢.g., van ’t Hoff, ‘“‘ Studies in Chemical 
Dynamics,” p. 113; Timofeew, Muchin, and Gurewitsch, Z. physikal. Chem., 1925, 115, 161). More recently, 
Gorin (J. Amer. Chem. Soc., 1936, 58, 1787) has investigated the corresponding reaction in perchloric acid 
solutions. The mechanism of this simple analytical reaction is, however, still not clear. Following Noyes 
(loc. cit.), the process is often quoted as a typical example of a termolecular reaction in solution, but in the 
presence of hydrochloric acid or of chloride ions, which both accelerate the reaction, it appears to follow a 
bimolecular course. This behaviour,has been attributed to “ salt effects ’’ which may be treated—as was 
suggested—by Brénsted’s theory. Although salt effects are undoubtedly of some importance, they cannot be 
the true explanation, for a change in the concentration of hydrochloric acid by a factor of about 2 produces 
an acceleration of about 450% (cf. Moelwyn-Hughes, “‘ Kinetics of Reactions in Solution,’’ Oxford Univ. Press, 
1933, p. 220). Moreover, a salt effect would not be expected to change the order of the reaction. 

It is suggested that the reason for these discrepancies lies in the usual formulation of the reaction according 
to 


It is clear that if this equation did represent the reaction, an enormous Coulombic repulsion between all the 
positively charged ions would have to be overcome in the formation of the primary collision complex. This 
energy of repulsion actually enters exponentially (as a Boltzmann factor) into the expression for the reaction- 
velocity constant, as has also been shown by Christiansen (Z. physikal. Chem., 1924, 118, 35) in his statistical 
interpretation of Brtnsted’s theory. From the outset it is, therefore, most unlikely that the reaction will 
proceed according to equation (1) apart from other facts incompatible with it. 

All the experimental facts can be fully explained on the basis of the following two simple reaction steps. 
Stannous ions, which in the presence of chloride ions show a great tendency to form complex anions (cf. Mellor, 
“ Treatise on Inorganic Chemistry,”’ Vol. VII, p. 424), actually enter as such into the reaction, so that reaction 
(1) is transformed into one between oppositely charged i ions, viz., ° 


he 
Fe*+ + (SnCl,)*- Fe . . . . 
hs 
with the equilibrium 


This simple reaction conforms to the well-known principle that all oxidation and reduction processes proceed 
stepwise and often simply as electron-transfer processes (cf. Haber and Weiss, Proc. Roy. Soc., 1934, A, 147, 
332; Weiss, Nature, 1934, 135, 648; Naturwiss., 1935, 28, 64). (SnCl,)~ corresponds to a tervalent tin com- 
pound, as will be obvious tom the equilibrium 


The intermediate formation of such compounds in the oxidation of stannous salts has been demonstrated by 
Ball, Wulfkuehler, and Wingard (J. Amer. Chem. Soc., 1935, 57, 1729). 


For the stationary state, the expression for the rate of the reaction can be easily derived from reactions 


(2) and (3) as 
+ 


4 Inneutral or slightly tate solutions only a small amount of the ferric salt i be present as Fe*+ on account 
} of partial hydrolysis. Therefore, one can assume, as a first approximation, that the following relation holds : 


except, of course, for the initial stages, i.¢., Under this condition 
equation (5) simplifies to 

— d[Fe*+]/dt = 


In this rather restricted region the reaction is approximately of the third order, but, of course, is still dependent 

on the concentration of the Fe**. Actually, the third-order constants as given by Noyes are not particularly 

good, and the initial values ere: show a strong deviation which is fully understandable. He found, 
= 


: 
ay 
j 
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however, that the third-order constants were greatly improved if he added a certain quantity of ferrous salts 
to the reaction mixture, right from the beginning, thus keeping approximately constant the value of the 


denominator in (7). 

In the presence of hydrochloric acid the hydrolysis of the ferric salt is prevented. This increases the ferric 
ions available for the reaction and also increases the concentration of (SnCl,)*- according to the equilibrium (4). 
Thus, at any rate for the initial stages of the reaction, the condition holds that 


and consequently equation (5) simplifies to 
We see ‘that under these conditions the reaction is bimolecular, in ie with the dipeciein of Noyes 


(loc. cit.). 
If the stannous chloride enters as (SnCl, )?- into the reaction as suggested by the above mechanism, then 


the bimolecular or termolecular rate constants calculated in the ordinary way must still be proportional to the 
square of the chloride-ion concentration in the solution, as indicated by the equilibrium (4). 

The author has calculated from Noyes’s experiments (Joc. cit.) in acid solution the values of k,; /[Cl-}* 
which, if the above assumption is correct, must remain constant for a variation of the chloride-ion concentration. 
That this is the ease is shown in Table I. 


TABLE I. 
Experiments in hydrochloric acid solutions. 


Total (additional) concentration of Cl~ in -mol. Ros 
(3 x 0-025) + 0-025 . ane ae 1-10 1-15 
3-80 1-23 
(3 x 0-05) + 0-10 5-20 0-83 
Some rate constants determined by Timofeew, Muchin, a and Gurewitsch h (Woe. cit.) are calculated in Table II. 
TABLE II. 
Experiments in neutral solution with the addition of chlorides. + 

Total (additional) concentration of Cl~ ions in -mol. Rter. Rter,/100[C1- 
(3 x 0-0625) .... 24 6-81 

(3 X 0-0625) + 0-0625 . rr 40 6-40 

3 x 0-0625) + 0-1250 60 6-25 

3 x 0-0625) + 0-3125 . 172 6-87 


The constancy of the function in col. 3 over a considerable range is as good as can be expected, and it is thus 
clearly shown that the velocity is proportional to [Cl-]?, as follows from equilibrium (4). 

: The mechanism proposed above is supplementary. to the work of Gorin (Joc. cit.), who investigated the 
reaction in perchloric acid solution where there is no appreciable complex formation of Fe**+ or Sn**; this 
reaction was found to be slower by a factor of 105to 10* (under similar conditions) than that in the presence 
of chloride ions. Gorin also concluded that the free ions do not interact with each other on account of the 
strong electrostatic rs From the rate law : 

= const. 

which he found to be valid for higher concentrations of ferric salt, he concluded that the time-determining 
process must be a reaction between Fe(OH),*+ and Sn**. Although this may be possible, the same rate law 
would result if the reaction took place between Fe(OH)** and Sn(OH)* or Fe*+ and Sn(OH), or H,SnO,. The 
latter case would be favoured by the absence of Coulombic repulsion and also it is more likely, as ferric salts 
are not hydrolysed to any appreciable extent at the comparatively high concentrations of free acid present in 
these experiments, whereas stannous salts are hydrolysed even in dilute acid solutions. The kinetics and the 
deviation from the simple rate law can also be explained with a two-stage electron-transfer reaction similar to 
the one given above. This would also readily explain why the simple bimolecular rate law is valid only for 
high [Fe*+] similar to the case of the equations (8) and (9), whereas Gorin does not give a satisfactory explanation 
for this. 

Shaffer (J. Amer. Chem. Soc., 1935, 55, 2169; J. Physical Chem., 1936, 40, 1021) has put forward a hypothesis 
for oxidation—reduction processes, according to which, reactions between molecules or ions, where one com- 
ponent is capable of a bivalent oxidation (or reduction) but the other only of a univalent reduction (or oxidation), 
are greatly disfavoured or even immeasurably slow. This is obviously not true for the above reaction, for 
ferric salts are rapidly reduced by stannous salts in hydrochloric acid solution. From the outset the argument 
is invalid because all these processes go stepwise through successive univalent changes. However, even in a 
bimolecular reaction between equally charged ions the rate may be slowed down on account of the electrostatic 
repulsion, if the reducing ions cannot form an ion of opposite charge as in the reaction discussed above. It is 
also clear (as shown coast: that the formation of the complex metal ions will cogent largely on the nature of the 


anions present. 
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Shaffer gives two examples to illustrate his theory : (a) the oxidation of thallous salts by ceric salts; (b) the 
oxidation of titanous salts by iodine. 

(a) It is true that the reaction between thallous ions and ceric sulphate in sulphuric acid solutions is very 
slow. However, the reason cannot be that given by Shaffer because, e.g., the oxidation of stannous salts by 
ceric salts is very rapid. It is more likely that the Coulombic repulsion between thallous ions and ceric ions 
prevents a rapid interaction between these ions, as in this case the reducing ion is not capable of forming a 
complex anion as are stannous salts and some other metal salts—for instance, potassium permanganate, where 
the change MnV! —-» Mn! oxidises thallous salts quite easily, as is well known. 

(6) In the reaction between titanous salts and molecular iodine, Shaffer’s theory is also not valid, for it is 
well known that the first step in the reduction of iodine molecules is I,~ (cf. Wagner, Z. physikal. Chem., 1924, 
113, 261). It is more likely that in the probable mechanism, viz., 


Te +1, => Ti 


the reverse process of reaction (10a) is fast compared with reaction (10b), which would fully account for the 
observed facts. 

This state of affairs can be and is actually changed in the presence of certain oxidation—reduction catalysts, 
such as pyocyanine, which are well known (cf. Michaelis, Chem. Rev., 1935, 16, 243) themselves to undergo a 
univalent reduction—oxidation by passing through the corresponding semi-quinone stage, as has been affirmed 
by Shaffer (/oc. cit.). In the presence of these catalysts, either the reverse process may be inhibited or, more 
probably, the mechanism is changed to an interaction between titanous salt and oxidised dye, followed by the 
reduced dye being reoxidised by molecular iodine. In this way iodide ions and titanic salt are formed, whereas 
the catalyst undergoes successive processes of reduction and oxidation. 


UNIVERSITY OF DurHAM, KinG’s COLLEGE, NEWCASTLE-UPON-TYNE. (Received, March 28th, 1944.]} 


82. Preparation of Some Aminopyridoquinolines and their Quaternary Salts. 


By Rosert D. HawortH and O. SyYKEs. 


The preparations of the 1- or 1’- Tes of 7-amino-6 : ‘-pyridoquinoline (I; R = N and ,; 
8-amino-5 : 6 : 2’ : 3’-pyridoquinoline (II; = NH,) are My) 


THE object of the present investigation was the preparation of the 1’- or 1-metho-salts of 7-amino-6 : 5 : 2’ : 3’- 
pytidoquinoline (I; R = NH,) and 8-amino-5 : 6 : 2’ : 3’-pyridoquinoline (II; R = NH,) respectively for 
test as trypanocidal agents. These structures were selected, first, because of the observation (Browning e¢ 
al., J. Path. Bact., 1938, 46, 203; 1940, 50, 371) that complex heterocyclic compounds, e.g., 7-amino-9-(p- 
aminopheny])-10-methylphenanthridinium chloride, are active agents against Ty. Congolense, and secondly, 
because they show a structural relationship to the quaternary salt present in acriflavine. 


The preparation of the isomeric 7-amino-5 : 6: 2’ : 3’-pyridoquinoline by stannous chloride reduction of 
the corresponding 7-nitro-compound, obtained by a double Skraup reaction on 5-nitro-m-phenylenediamine ~ 
(Korczynski and Brydowna, Bull. Soc. chim., 1925, 37, 1483), is described in E.P. 454,525. This patent also 
describes the preparation of (II; R:= NH,) and a number of derivatives, but a variety of new methods for the 
preparation of aminopyridoquinolines have now been examined. 

Attempts to nitrate either 5 : 6: 2’ : 3’- (II; R = H) or 6: 5: 2’ : 3’-pyridoquinoline (I; R = H), obtained 
by double Skraup reactions on m- and p-phenylenediamine, respectively (Smith, J. Amer. Chem. Soc., 1930, 

52, 397), were unsuccessful; the pyridoquinolines were recovered after treatment with concentrated or fuming. 
nitric acid in the presence of concentrated sulphuric acid at 20° or 100°. The required nitropyridoquinolines 

(I and II; R= NO,) could not be prepared by double Skraup reactions on 2-nitro-m-phenylenediamine 
(Bulow and Mann, Ber., §897, 30, 979) and 4-nitro-m-phenylenediamine (Morgan and Wootton, J., 1905, 
107, 941; Gordonov, Anilinokras. Prom., 1934, 4, 277), respectively.. The attractive approach from 2: 5- 
diaminobenzenesulphonic acid, which is readily obtained from p-phenylenediamine (Friedlander, III, 40), 
was abandoned because conditions could not be found for the conversion of the sulphonic acid into the pyrido- 
quinolinesulphonic acid (I; R = SO,H) (contrast E.P. 451,932). 

As the literature (E.PP. 394,416, 454,525, 454,526) indicated that the aminopyridoquinolines could. be 
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obtained by amination of the corresponding bromo-derivatives, the preparation of the bromo-bases (I and_II; 
R = Br) has been examined. The last patent describes the preparation of (I; R = Br) from 2-bromo-p- 
phenylenediamine, but we were unable to prepare the latter’by the bromination of p-phenylenediamine either 
directly in hydrobromic acid solution or by way of the diformyl or diacetyl derivative. A successful synthesis 
from p-nitroaniline has, however, been developed. 2-Bromo-p-nitroaniline, prepared by the method of 
Nicolet and Ray (J. Amer. Chem. Soc., 1927, 49, 1803) gave a 60% yield of 8-bromo-6-nitroquinoline by a 
Skraup reaction using arsenic acid. Reduction with stannous chloride gave 8-bromo-6-aminoquinoline, m. p. 
148°, in 60% yield, which was converted into 7-bromo-6 : 5 : 2’ : 3’-pyridoquinoline (I; R-= Br) in 60% 
yield by a Skraup reaction using m-nitrobenzenesulphonic acid. 

The preparation of 4-bromo-m-phenylenediamine by bromination of diacetyl-p-phenylenediamine in acetic 
acid is described in E.P. 454,526; a more convenient preparation from diformyl-m-phenylenediamine, giving 
80% yields, has now been developed. 4-Bromo-m-phenylenediamine was converted into 8-bromo-5 : 6 : 2’ : 3’- 
pyridoquinoline (II; ‘_R = Br) in yields varying from 10 to 30% by a double Skraup reaction using either 
arsenic acid-or m-nitrobenzenesulphonic acid. 

The bromopyridoquinolines (I and II; R= Br) were not aminated by heating with dry ammonia in 
phenolic solution either alone or in presence of formamide or acetamide (Jacini, Gazzetta, 1940, 70, 621). The 
best conditions for the amination consisted of heating the bromo-bases with phenol and concentrated aqueous 
ammonia at 180° for 3 daysin the presence of small amounts of copper sulphate; in this way 8-amino-5 : 6: 2’: 3’- 
pyridoquinoline (II; R = NH,), m. p. 139—141° (E.P. 454,525 gives m. p. 143°), and 7-amino-6 : 5: 2’ : 3’- 
pyridoquinoline (I; R = NH,), m. p. 213—215°, were obtained each in 45% yields. 

‘In view of the small yield of 8-bromo-5 : 6 : 2’ : 3’-pyridoquinoline (II; R = Br) produced in the double 
Skraup reaction discussed above, other routes to this base have been examined. 8-Hydroxyquinoline was 
converted in good yield by the method of Fischer and Renouf (Ber., 1884, 17, 1643) into 5-amino-8-hydroxy- 
quinoline sulphate, and the latter, subjected to a Skraup reaction with m-nitrobenzenesulphonic acid, yielded 
8-hydroxy-5 : 6 : 2’ : 3’-pyridoquinoline (II; R = OH), m. p. 158—159° (Matsumura, J. Amer. Chem. Soc., 
1930, 52, 3974, gives m. p. 157—-158°), in 60% yield. This hydroxy-base, heated with ammonia for 15 hours 
at 210—220°, gave 8-amino-5 : 6 : 2’ : 3’-pyridoquinoline (II; R = NH,) in 90% yields. 

In order to convert one of.the tertiary nitrogen atoms of the aminopyridoquinolines into the quaternary 
salt, the primary amino-group was protected as in the acriflavine preparation (Grandmougin and Smirous, 
Ber., 1913, 46, 3431). The acetyl derivatives of the bases (I and II; R = NHAc), m. p. 188° and 198°, 
respectively (E.P. 454,525 gives 201° for the latter), were easily obtained in high yield by warming with acetic 
anhydride, but they showed a remarkable difference in reactivity towards methyl iodide. 7-Acetamido- 
5:6: 2’: 3’-pyridoquinoline was readily converted into the monomethiodide by heating with excess methy] 
iodide at 100°; and on warming with methyl-alcoholic hydrogen chloride and silver chloride, deacetylation 
and conversion into 7-amino-6 : 5 : 2’ : 3'-pyridoquinoline methochloride was effected. Attempts to methylate 
8-acetamido-5 : 6 : 2’ : 3’-pyridoquinoline by methyl sulphate or iodide each under a wide variety of conditions 
yielded the unchanged tertiary base, tars, or the hydriodide or methyl hydrogen sulphate of the tertiary base 
(compare Kermack and Webster, J., 1942, 213). The methylation was eventually accomplished by heating 
with excess of methyl p-toluenesulphonate at 120—130°, but the quaternary salt was not obtained in the 
presence of solvents, ¢.g., xylene. Deacetylation and conversion of the resulting quaternary compound into 
8-amino-5 : 6 : 2’ : 3'-pyridoquinoline methochloride was accomplished by refluxing with 20% aqueous hydro- 
chloric acid. 

Conclusive proof of the positions of the methochloride groups has not been obtained, but positions 1 (I; 
R = NH,) and 1’ (II; R = NH,) are considered probable. 


EXPERIMENTAL. 


8-Bromo-6-nitroquinoline.—A mixture of 2-bromo-4-nitroaniline (78-5 g., m. p. 98—102°, obtained in 80% yield by 
the method of Nicolet and Ray, loc. cit.), water (210 c.c.), concentrated sulphuric acid (270 c.c.), glycerol (100 c.c.), and 
arsenic acid (120 c.c., d, 1-8) was refluxed for 3—4 hours. The cooled solution was diluted to 2—3 L, filtered from a 
small amount of tar, and sodium hydroxide (450 g.) in water was added with cooling to the filtrate. The crude base was 
collected, dried (80 g.), and crystallised from benzene (charcoal); yellow-brown prisms (70 g.), m. p. 162—164°, were 
obtained (Claus and Hartman, J. pr. Chem., 1896, 58, 207, give m. p. 164°). Unsatisfactory results were obtained when 
the arsenic acid was replaced by m-nitrobenzenesulphonic acid. 
8-Bromo-6-aminoquinoline.—A solution of stannous chloride dihydrate (60 g.) in concentrated hydrochloric acid 
(25 c.c.) was gtadually added with stirring to a solution of 8-bromo-6-nitroquinoline (20 g.) in warm concentrated hydro- 
chloric acid (60 c.c.). When the vigorous reaction: had subsided, the mixture was heated for 10 minutes on the steam- 
bath, cooled, filtered, and the residual stannichloride was suspended in hot water, and decomposed with hydrogen 
sulphide. ‘The hot filtrate on cooling deposited Se ee hydrochloride in yellow, felted needles, 
containing water of crystallisation, which was completely lost hr.’s heating at 96° (Found: loss, 12:2. 
C,H,N,Br,HCl,2H,O requires loss, 12-2%. Found, on dried material: Cl, 13-8. C,H,N,Br,HCl requires Cl, 13-7%). 
The hydrochloride, which does not melt at 275°, was dissolved in hot water (400 c.c.), and the solution made slightly 
alkaline by addition of sodium hydroxide solution. 8-Bromo-6-aminoquinoline (14 g.) was collected, and crystallised 
from*benzene as clusters of pale yellow squat needles giving the appearance of plates in bulk, m. p. 148° (Found: Br, 
35-4. C,H,N,Br requires Br, 35-8%). The acetyl derivative, prepared by warming the base with acetic anhydride on 
the water-bath for a few minutes and basifying the diluted mixture with sodium hydroxide solution, crystallised from 
dilute acetic acid in minute, plume-like clusters of threads, forming a white felted mass, m. p. 199° (Found: Br, 30-4. 
C,,H,ON,Br Br, 30-2%), on collection. 
7-Bromo-6 : 5: 2’ : 3’-pyridoquinoline (I; R = Br).—Nitrobenzene (17 c.c.) was sulphonated by heating with 65% 
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1 fuming sulphuric acid (10 c.c.) on the steam-bath until a test portion was completely soluble in water. 8-Bromo-6- 
-p- amihoquinoline (20 g.), concentrated 2 gg ee acid (40 c.c.), water (50 c.c.), and glycerol (25 c.c.) were added, and the 
mixture was refluxed for 4 hours, cooled, diluted, and filtered. The filtrate, basified with sodium hydroxide solution, 
deposited an oil which was taken up in benzene. The extract was dried, the solvent removed, and the residue distilled 
Sis at 0-01 mm. The bromo-base (I; = Br) was obtained as a pale yellow distillate (20 g.), which solidified on cooling, 
of and crystallised from alcohol or benzene in colourless needles, m. p. 147—149° (E.P. 454,526 gives m. p. 150°). The 
ra hydrochloride, prepared by mixing a warm methyl-alcoholic solution of the base with hydrochl acid, was obtained as 
small bunches of colourless needles which darkened but did not melt at 325° (Found : Cl, 11-9. C,,H,N,Br,HCl requires 
p. Cl, 120%). The monomethiodide,. prepared by heating the base with excess of — iodide at 100° for 30 minutes, 
% crystallised from hot water in orange prisms, m. p. 305° (decomp.) with previous darkening and softening (Found: I, 
31-2. C,,H,N,Br,CH,I requires I, 31-6%). 
tic 7-Amino-6 : 5 : 2’ : 3’-pyridoquinoline (I; R = NH,).—7-Bromo-6 : 5 : 2’ : 3’-pyridoquinoline (I; R= Br) (3 g.), 
. phenol (3 g.), concentrated ammonium hydfoxide (10 c.c.), and crystalline copper sulphate (0-3 g.) were heated for 3 days 
ng in a sealed tube at 180—200°. The product, which solidified on cooling, was collected, taken up in dilute hydrochloric 
3'- acid, and filtered. Traces of phenol were removed in benzene, and on basification of the acid layer, 7-amino-6 : 5 : 2’ : 3’- 
1eT pyridoquinoline (I; R = NH,) separated as an oil which gradually solidified ; the yellow-brown product was collected, 
dried, and distilled at 0-01 mm.; the distillate (1-3 g.) “$95 ed from methylated spirits in yellow needles, m. p, 213— 
in 215° (Found: C, 74:2; H, 4-9. C,,H,N, requires C, 73-9; H, 46%). The acetyl derivative, prepared by heating with 
, acetic —— diluting with water and basifying, c illised from benzene in colourless needles, m. p. 188° (Found : 
‘he C, 70-5; H, 5-1. C +H,,ON, requires C, 70-8; H, 4-6%). 
us 7-Acetamido-6 : 5: 2?': 3’-pyridoquinoline methiodide, obtained in quantitative yield by the action of methyl iodide 
- at 100°, separated from hot water in monohydrated, pale yellow needles, m. p. 283° (decomp.) (Found, for material air- 
3. dried at 96°: I, 31-7. C,,H,,ON,,CH,I,H,O requires I, 320%. Found: loss on drying in a vacuum over P,O, at 
05°, Cull requires H,O, 45%. Found for anhydrous material: I, 33-6. C,H,,ON,,CH,I 
requires I, 33- . 
ble “aA mino-6 : 5: 2’: 3’-pyridoquinoline methochloride was prepared by refluxing the above 7-acetamido-methiodide 
vas with an equal weight of freshly prepared silver chloride in methyl-alcoholic hydrogen chloride for 12 hours. The filtered 
be. solution was treated with ether, and the precipitated methochloride crystallised as a monohydrate from alcohol; yellow- 
y orange needles, m. p. 272° (decomp.), were obtained (Found, for air-dried substance: Cl, 13-3. C,,H,N;,CH,Cl,H,O 
led requires Cl, 13-5%. Found: loss on drying in a vacuum over P,O, at 95°, 6-3. C,,H,N;,CH,Cl,H,O requires H,O, 
0C., 68%. Found, for anhydrous material: Cl, 14-8. C,,H,N,;,CH,Cl requires Cl, 14-5%). 
urs 4-Bromo-m-phenylenediamine.—A solution of bromine (8 c.c.) in 90% formic acid (75 _— was gradually added with 
® stirring to a solution of diformyl-m-phenylenediamine, m. p. 155° (20 g., prepared in 95% yield by the method of Tobias, 

im Ber., 1882, 15, 2447), and sodium formate (14 g.) in 90% formic acid (75 c.c.). The temperature rose about 7° during 
ary the addition (larger preparations require water cooling). After dilution with warm water (800 c.c. at 40°), the diformyl 
us, | derivative which separated on standing was collected, washed with sodium hydrogen carbonate solution and water, and 
98°, i dried. The product (25 g.), m. p. 175—176°, was purified by addition of water to a concentrated formic acid solution ; 
stic a white powder, m. p. 179—180°, was obtained (Found: Br, 32-8. C,H,O,N,Br requires Br, 32:7%). The diformyl 
d derivative (24 g.) was boiled for 5 minutes with hydrochloric acid (100 c.c., 18%), water (400 c.c.) added, and the solution 
co- (@ neutralised with concentrated ammonia. The 4-bromo-1 : 3-diaminobenzene was collected, dried in a desiccator (18 g., 
hyl m. p. ca. 100°), and crystallised from benzene; white prisms, m. p. 109—111°, were obtained, which darkened on exposure 
‘ion to air (Morgan, 1900, 77, 1205, gives m. p. 111—112°). from 10 to 30% 

-Bromo-5 : 6 : 2° : 3’-pyridoquinoline (II; R = Br), m. p. 109—110°, was prepared in yields varying from 10 to % 
ate by the method described ne 454,526 ss as follows: ‘éievaisdinetehenal enylenediamine (20 g.) was boiled for 5— 
ons 10 minutes with a mixture of concentrated sulphuric acid (80 c.c.) and water (80 c.c.). Glycerol (40 c.c.) and sodium 
ase m-nitrobenzenesulphonate (40 g.) were then added, and the mixture heated under reflux for 4 hours. The solution was 
ing cooled, diluted, filtered from hydroxymetanilic acid, and made alkaline with sodium hydroxide. The syrup which 
the separated was taken up in hot benzene and combined with a hot benzene extract of the alkaline liquor, dried, and the 
t solvent removed. The residue distilled at 0-01 mm., yielding an orange, viscous distillate from which the bromopyrido- 
nto @ quinoline (II; R = Br) (5 g., m. p. 105—109°) was obtained by crystallisation from hot methyl alcohol (ca. 20 c.c.) ; 
iro- {f a second crystallisation gave colourless needles, m. p. 109—110°. ' The monohydrochloride, m. p. 268—274°, with previous 
softening, was prepared as small clusters of white needles by mixing a solution of the base in hot alcohol with alcoholic 
(I; hydrogen chloride (Found : Cl, 11-8. C,,H,N,Br,HCl requires Cl, 11-8%). The picrate, prepared in alcoholic solution, 
: crystallised from alcohol in yellow prisms, m. p. 229—230°. The chromate separated as minute yellow needles, m. p. 
181° (decomp.), on addition of potassium chromate to an aqueous solution of the base sulphate. 
8-Hydroxy-5 : 6 : 2’ : 3’-pyridoquinoline (R = OH) .—5-Amino-8-hydroxyquinoline sulphate (20 g., prepared by the 
method 'of Fischer and Renouf, Joc. cit.), sodium m-nitrobenzenesulphonate (40 g.), concentrated sulphuric acid (50 c.c.), 
ib water (60 c.c.), and glycerol (25 c.c.) were heated under reflux for 4 hours. The diluted and cooled solution was filtered, 
+ and the filtrate neutralised by addition of dilute ammonium hydroxide. The crude hydroxy-base was collected, dried 
~ (50 g.), and distilled at 0-01 mm. The product (10 g., m. p. 155°) separated from benzenei n colourless slender prisms, 
m @ jf m. p. 158—159° (Matsumura, loc. cit.; gives m. p. 158.-159°). The dihydrochloride, m. p. 315° (decomp.), separated from 
was if concentrated hydrochloric acid in pale yellow, slender prisms (Found: Cl, 26-5. C,,H,ON,,2HCI requires Cl, 26-4%). j 
~ ES patie crystallised from alcohol in clusters of yellow needles, m. p. 243° (decomp) (Matsumura, Joc. cit., gives m, p. 
, decomp.). 
ia Amino-5 : 6: 2’: (II; R = NH,).—(a) The bromo-base (II; R = Br), aminated as described 
~ in the en of (I; R = NH,), gave 45% yields of the amino-base (II; R = NH,). (b) The hydroxy-base (II; 
i “a R = OH), aminated as described in E.P. 451,932; gave the amino-base (II; R = NH,) in 90% yield. , 
- The hydrochloride, obtained by passing dry hydrogen chloride into a dry ethereal solution of the base, crystallised 
aie from methyl alcohol in small yellow needles, m. p. 295° (decomp.) (Found : Cl, 15-3. C,,H,N;,HCl requires Cl, 15-3%). 
12-9. The picrate crystallised from water in small yellow needles, m. p. 235° (decomp.) with previous darkening. The amino- 
70 . base (II; R = NH,), which crystallised from benzene in yellow needles, m. p. 139—141° (E.P. 454,525 gives m. p. 143°), 
mi: ’ #] was converted into 8-acetamido-5 : 6 : 2’ : 3’-pyridoquinoline (II; R = NHAc), m. p. 197—198° (E.P. 454,525 gives 
hisbd pool al The picrate crystallised from water in small yellow needles, m. p. 237° (decomp.) with previous darkening 
| Sortening. 
Les 8-Amino-5 : 6 : 2’ : 3’-pyridoquinoline Methochloride —8-Acetamido-5 : 6 : 2’ : 3’-pyridoquinoline (2 g.) and methyl 
jrosn -toluenesulphonate (8 g.) were heated for 2 hours at 120—130°. Addition of ether precipitated the peor A salt as 
30:4 a deliquescent solid, which was collected, washed with ether, and heated under reflux for 3 hours with 20% hydrochloric 
* #lacid (30 c.c.). Acetone added to the cooled solution precipitated the methochloride (2 g.), which was collected, washed 
65° with acetone and ether, and crystallised from alcohol-ether; orange needles, m. p. 280° (decomp.), were obtained 
% Cl, 23:8. 


C1,HC1,H,O requires Cl, 23-7%). The analytical figures suggest that the orange 
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needles, m. p. 280°, are the monohydrate of the methochloride hydrochloride, and this is supported by the strongly acid 
nature of an aqueous solution of the salt. 


Our thanks are due to Imperial Chemical Industries, Limited (Dyestuffs Division) for assistance which has rendered 
this work possible. ; 


THE UNIVERSITY, SHEFFIELD. 


[Received, March 31st, 1944.] 


83. A New Reagent for Primary and Secondary Aliphatic Amines. | 


By ARTHUR J. BIRCH. 


2-isoNitrosocyclohexane-1 : 1’-pyridinium chloride (I) reacts with primary and secondary aliphatic amines in 
aqueous solution to give the corresponding 2-isonitrosocyclohexylamine (II), and these derivatives can often be 
used to characterise the amine. - 


It is well known that nitrosochlorides react with primary and secondary amines to give “‘ nitrolamides,’’ which, 
being usually well crystallised and stable substances, might be used for the characterisation of such amines, 
This is particularly true of «-thujene nitrosochloride which gives well-crystallised, high-melting derivatives 
with a variety. of amines, including ammonia, morpholine, diethylamine, diisobutylamine, benzylamine, and 
a-phenylethylamine (Birch; and Birch and Earl, J. Proc. Roy. Soc. N.S.W., 1937, 71, 334; 1938, 72, 55); 
moreover, «-thujene is readily obtained from commercially available sources. 

The chief drawback to the use of this and other nitrosochlorides (such as that from a-pinene) is their in- 
stability on keeping; also, in reaction with an amine they decompose to some extent with loss of hydrogen 
chloride to give an unsaturated compound (cf. Birch, ibid., 1938, 72, 106). On the other hand, cyclohexene 
nitrosochloride is particularly stable, and Wallach (Amnalen, 1906, 348, 49) was unable to convert it into cyclo- 
hexenohe oxime by treatment with pyridine or quinoline. In the case of pyridine, at least, this is due to the 

formation of a pyridinium chloride (I), which can be kept indefinitely, is readily soluble in, and stable to water, 
and reacts immediately on warming with an aqueous solution of an aliphatic primary or secondary amine to 
give the isonitrosocyclohexylamine (II). Since the amines are, as a rule, stronger bases than pyridine, it is 
advisable to add 1 mol. of sodium carbonate’to ensure complete reaction. Amine salts may also be used in 
the presence of excess aqueous sodium carbonate. 


Cl 

(I.) a (I: R = H, Alkyl; R’ = Alkyl.) 
S=NOH 


The products separate as oils, which usually crystallise in the presence of a little petrol, and can be recrystal- 
lised from benzene—petrol or aqueous alcohol. As derivatives, they are not altogether satisfactory, since those 
derived from the lower amines are rather soluble in water, and those from some of the higher amines crystallise 
slowly, unless seeded. Although the m. p.’s of isomeric and adjacent homologous compounds are sometimes 
rather close, the mixed m. p.’s show considerable depression. 

The reagent has the advantage of stability, easy preparation, and suitability for use in aqueous solution. 
It is hoped to obtain a better reagent of the same type from some other nitrosochloride. The derivatives pre- 
pared are tabulated below. . 


Analysis. 
Amine. M. p. of deriv. Formula. Found, N%. Required, N%. 
Dimethylamine 120° C,H,,ON, 17-9 18-0 
72 C,H,,ON 16-9 16-5 
n-Butylamine 81 15-8 15-2 
Piperidine ............... 116 * ON, 14-4 14:3 
cycloHbxylamine 145 C,,H,,ON, 13-6 13-3 


. ” * Perrot (Compt. rend., 1936, 208, 329) gives m. p. 119°. 


EXPERIMENTAL. 


_ cycloHexene Nitrosochloride.—This was prepared by Wallach’s method (Joc. cit.), an equimolecular amount of amyl 
nitrite being substituted for ethyl nitrite; 12 g. were obtained from 40 c.c. of cyclohexene. a 
2-isoNitrosocyclohexane-1 : 1’-pyridinium Chloride.—cycloHexene nitrosochloride (11 g.) and pyridine (20 c.c.) were 
mixed to a paste and cautiously warmed on the steam-bath until the strongly exothermic reaction began; the mixture 
was then cooled in water. Addition of alcohol (15 c.c.) containing water (4 c.c.) and heating on the steam-bath produced 
a clear yellow solution, which gave a cream-coloured, crystalline precipitate on cooling and addition of ethyl acetate 
(15 c.¢.) On recrystallisation from alcohol—water (30 c.c.; 4¢.c.) the pure chloride (15 g.) was obtained as monohydrated, 
colourless, prismatic needles, m. p. 125° (Found: C, 53-8; H, 7-1. C,,H,,0,N,Cl requites C, 54-0; H, 695%). 
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2-isoNitroso-1-dimethylaminocyclohexane.—The details of preparation of this compound are given as an example 
of the use of the reagent. A 10% aqueous solution of the reagent (5 c.c.) was added to 10% aqueous sodium carbonate 
(2-5 c.c.), mixed with an aqueous solution containing dimethylamine hydrochloride (0-2 g.; ca. 1 mol.) and 10% sodium 
carbonate solution (2-5 c.c.), and warmed on the steam-bath for 3 minutes; an oil separated, which crystallised on cool- 
ing. It recrystallised from benzéne—petrol (b. p. 40—60°) as colourless, prismatic needles, m. p. 120° (Found: C, 61-9; 
H, 10-1; N, 17-9. C,H,,ON, requires C, 61-6; H, 10-2; N, 18-0%). 


The author wishes to thank the Senate of the University of ere for a Commonwealth Government Scholarship, 
and the Royal Commissioners for the Exhibition of 1851 for an Overseas Scholarship. 
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84. Experiments on the Synthesis of Purine Nucleosides. Part V. The Coupling 
of Pyrimidine Derivatives with Diazonium Salts. A Method for the Preparation 
of 5-Aminopyrimidines. 


By B. Lytucor, A. R. Topp, and A. TopHam., 


The work described was undertaken in order to devise a method for the introduction of a 5-amino-group 
into 6-amino-4-glycosidaminopyrimidines which would not involve danger of hydrolysing the sugar linkage. 
In model experiments on sugar-free compounds it is shown that 4 : 6-diaminopyrimidines couple with reactive 
diazonium compounds, e.g., from p-nitroaniline or p-chloroaniline, in presence of sodium hydrogen carbonate 
to give brightly coloured azo-compounds in which the azo-substituent is in position 5; catalytic hydrogenation 
of these products yields 4 : 5 : 6-triaminopyrimidines. It has also been shown that the — of 4-methyluracil 
with diazotised p-chloroaniline yields the 5-p-chlorobenzeneazo-derivative. A survey of the structural condi- 
tions governing the coupling of pyrimidine derivatives and their relation to those governing nitrosation has 
been made. 


For a successful synthesis of 9-glycosidopurines by the hypothetical route based on the model experiments on 
9-alkylpurines described in Part I (Baddiley, Lythgoe, McNeil, and Todd, J., 1943, 383), 5: 6-diamino-4- 
glycosidaminopyrimidines would be essential intermediates. It was shown in Part III (Baddiley, Lythgoe, and 
Todd, J., 1943, 571) that 6-amino-4-glycosidaminopyrimidines may be prepared from suitably substituted 
4: 6-diaminopyrimidines by condensation with sugars. In order to utilise these glycosides for the synthesis of 
9-glycosidopurines it was clearly necessary to establish methods whereby an amino-group could be introduced 
into position 5 of the pyrimidine nucleus under conditions which would not simultaneously cause removal of 
the sugar residue. 

It was decided in the first instance to examine the problem by. using sugar-free 4 : 6-diaminopyrimidines, 
and this paper records our results. \ ? 

Hitherto the commonest methods used to introduce a 5-amino-group into pyrimidine derivatives have been 
nitration or nitrosation, followed by reduction. Of these methods, both limited in scope, nitration which 
involves strongly acid conditions seemed of little value for our purpose. WNitrosation, provided it could be 
carried out in the absence of mineral acids, might be quite suitable. Unfortunately, however, although 
4 : 8-diamino-2-methylthiopyrimidine nitrosates readily in aqueous acetic acid and the method might therefore 
apply to its glycosides, the presence of mineral acid is necessary in order to nitrosate 4 : 6-diamino-2-methyl- 
pyrimidine (Part I; Joc. cit.) and 4 : 6-diarhinopyrimidine. , 

We therefore turned our attention to the reaction between 4 : 6-diaminopyfimidines and diazonium com- 
pounds in the hope that coupling would occur in position 5. Little systematic study has been rhade of the 
coupling of pyrimidines with diazonium compounds although there are various reports of its occurrence. 
Evans (J. pr. Chem., 1893, 48, 489) mentions the production of a red, rather unstable, substance on treating 
2-hydroxy-4 : 6-dimethylpyrimidine with diazotised aniline in presence of sodium-acetate; no structure was 
assigned to this substance. Somewhat later, Steudel (Z. physiol. Chem., 1904, 42, 170) and Pauly (ibid., p. 512) “ 
noted the production of red colours when diazotised sulphanilic acid was coupled with thymine or 6-methyl- 
uracil, Johnson and Clapp (J. Biol. Chem., 1908, 5, 163) used the production or non-production of colour on 
treating diazotised sulphanilic acid with uracil, thymine, cytosine, and several of their derivatives as a criterion 
in an endeavour to locate the position of the sugar or phosphate residues in natural pyrimidine nucleotides ; 
these authors record unsuccessful attempts to isolate the coloured product thus obtained from thymine but do 
not appear to have otherwise investigated the nature of the reaction products. More recently, Bogert and 
Davidson (Proc. Nat. Acad. Sci., 1932, 18, 215) coupled isobarbituric acid with diazotised aniline and obtained 
alloxan-6-phenylhydrazone; they also prepared several 5-azo-pyrimidines by indirect methods, e.g., by coupling 
diazouracil with phenols. 

In preliminary experiments it was found that, although diazotised aniline would not couple with 4 : 6-di- 
aminopyrimidines, coupling proceeded smoothly in presence of sodium hydrogen carbonate with more reactive 
components such as diazotised p-nitroaniline or p-chloroaniline, yielding high-melting, brightly-coloured azo- 
compounds. In each case examined coupling occurred at position 5 in the pyrimidine nucleus. Thus 
4: 6-diamino-2-methylpyrimidine coupled with diazotised p-nitroaniline to yield 4 : 6-diamino-5-p-nitro- 
benzeneazo-2-methylpyrimidine (I; R, = Me, R, = C,H,‘NO,). The structure of this product follows from 
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its reduction by hydrogen in presence of Raney nickel to 4: 5 : 6-triamino-2-methylpyrimidine, identical with 
N the reduction product from 4 : 6-diamino-5-benzeneazo-2-methylpyrimidine (I; R, = Me, R, = Ph) 

R (synthesised from acetamidine and benzeneazomalononitrile). An attempt to synthesise 
1th, (I; R, = Me, R, = C,H,-NO,) directly, from p-nitrobenzeneazomalononitrile and acetamidine 
was unsuccessful, extensive decomposition occurring on condensation in presence of sodium 

a ° ethoxide. In similar fashion 4: 6-diamino-2-methylpyrimidine coupled with diazotised - 

) chloroaniline gave 4 : 6-diamino-5-p-chlorobenzeneazo-2-methylpyrimidine (I; R, = Me, R, = 
C,H,Cl), identical with the condensation product of acetamidine and p-chlorobenzeneazomalononitrile. By 
coupling with the appropriate components, 4 : 6-diaminopyrimidine gave in the same way 4 : 6-diamino-5-p- 
nitrobenzeneazopyrimidine (I; R, =H, R, = C,H,‘NO,) and 4: 6-diamino-5-p-chlorobenzeneazopyrimidine 
(I; R, = H, R, = C,H,Cl). 

Reductive fission of the azo-linkage in these compounds proceeds smoothly, and coupling followed by 
reduction thus offers a route for the introduction of a 5-amino-group, which, if it could be applied to a 6-amino- 
4-glycosidaminopyrimidine, would meet all our requirements since there is little danger of hydrolysis at any 
‘stage. - A practical point worthy of note is that in applying this method to the preparation of 4 : 5 : 6-triamino- 
pyrimidines the use of thé p-nitrobenzeneazo-compounds is not recommended ; Owing to the similarity in their 
solubilities the separation of the triamino-compounds from the p-phenylenediamine simultaneously formed on 
reduction is difficult and wasteful. »-Chlorobenzeneazo-compounds-have not this disadvantage. 

In view of the potential importance of this method for preparing 5-aminopyrimidines a series of experiments | 
was made to ascertain the structural requirements for successful coupling. In the majority of cases the dyes 
were not isolated, colour being taken as an indication of coupling. In order to confirm that coupling occurs 
at position 5 in the uracils we did, however, isolate 2 : 6-dihydroxy-5-p-chlorobenzeneazo-4-methylpyrimidine 
from the reaction between 4-methyluracil and diazotised p-chloroaniline; the location of the azo-substituent 
was confirmed by reduction of the product to 2 : 6-dihydroxy-5-amino-4-methylpyrimidine. 

y ' The results of these coupling experiments are set out in the table; for comparison, the behaviour of the same 
compounds towards nitrous acid is included, 


Reaction of Some Pyrimidine Derivatives with Diazotised p-Nitroaniline and with Nitrous Acid. 


Substituents in pyrimidine. Substituents in pyrimidine. 
2. 4, 6 Coupling. Nitrosation 2. 4. 6. Coupling. Nitrosation. 
SH OH OH + (NaHCO,) . + (CH,’CO,] SH OH Me + (NaHCO,) — a 
SMe OH NH, + + OH OH H + (Na,CO;) 
SMe NH, NH, + ” + ” OH OH Me + ” ncaa 
OH OH OH + + OH OH Et + 
OH OH NH, + at + SMe OH Me 
OH NH, NH, + + SMe Cl NH, — 
NH, OH NH, + ” a NH, Cl Cl 
Me OH OH + * + oi Cl Cl NH, — oo 
Me OH NH, + 4 + i. Me Cl NH, — = 
a-Furyl OH OH + + Me Me NH, — 
Me NH, NH, + is + (HCl) OH Me Me _ + (on heating 
nitrite with 
water) 
H OH OH + +} (HCl followed 
H NH, NH, + +Jby Na,CO,) 


From the tabulated results it would appear that in general only those pyrimidines nitrosate in which both 
positions 4 and 6 are occupied by such groups as OH or NH,. For coupling with a diazonium compound 
two such substituents are also necessary, but these may be in the 2 : 4- or 4 : 6-positions, and in the former case 
the substituent at 2 may be OH, NH,, or SH. The only apparent exception to these rules so far noted is the 
remarkable case of 2-hydroxy-4 : 6-dimethylpyrimidine, which yields with nitrous acid a nitrite converted 
into a “ nitroso-compound ” on boiling with water (Majima, Ber., 1908, 41, 185). No evidence for the structure 
of this product has been presented other than an elementary analysis. In contrast to the finding of Evans 
(loc. cit.), we were unable to couple 2-hydroxy-4 : 6-dimethylpyrimidine with diazotised -nitroaniline. A 
point of interest in the coupling of pyrimidines is Johnson and Clapp’s observation (Joc. cit.) that coupling, or 
at any rate dévelopment of colour, occurs between diazotised sulphanilic acid and, e.g., thymine (2 : 6-dihydroxy- 
5-methylpyrimidine) in which the 5-position is already substituted. We have confirmed their observation, 
and in the case of 2 : 6-dihydroxy-4-methy1-5-n-butylpyrimidine treated with diazotised p-chloroaniline we have 
endeavoured to isolate the deep red products. Identification of the reaction products is not yet complete, but 
present indications are that the reaction is more complex than that which occurs with compounds contaihing 
a free 5-position. The development of colour on mixing with the diazo-solution is appreciably slower, and 
chromatographic analysis indicates the presence in the product of at least two coloured substances; these 
products, which are formed in poor yield, show unexpectedly high solubility and have not been obtained 
crystalline. 

As regards the mechanism of the coupling and nitrosation reactions of pyrimidines, several interpretations 
would seem possible; the evidence at present available does not, however, permit of a decision between them. 
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EXPERIMENTAL. 


p-Nitrobenzeneazomalononitrile.—Aqueous sodium acetate (140 g. in 250 c.c.) was added to a solution of malononitrile 
(10 g.) in alcohol (200 c.c.), and the mixture cooled in ice. -Nitroaniline (20-9 g.) was dissolved in dilute hydrochloric 
acid (85 c.c., d 1-16, diluted with 200 c.c. of water), diazotised in the usual manner, and the ice-cold diazonium salt 
solution added slowly with stirring to the above malononitrile-sodium acetate mixture. After a few minutes the yellow 
azo-compound was collected, washed with water, and recrystallised from alcohol; orange-yellow needles (24-5 g.), m. p. 
222° (decomp.) (Found: C, 50-3; H, 2-6; N, 32-4. C,H,O,N, requires C, 50-2; H, 2-3; N, 32-6%). 

p-Chlorobenzeneazomalononitrile-—This was prepared in precisely similar fashion from diazotised -chloroaniline ; 
(decomp.) (Found: C, 53-0; H, 2-6; N, 27-3; Cl, 17-4. C,H,N,Cl requires C, 52-8; 

acid (35 c.c., d 1:16, diluted with 200 c.c. of water), cooled in ice, and diazotised in the usual way. 4: 6-Diamino- 
pyrimidine (6-2 g.: Part I, loc. cit.) was dissolved in water (50 c.c.), cooled in ice, and the above.diazonium salt solution 
added, followed by aqueous sodium hydrogen carbonate (29-4 g. in 400 c.c.). The mixture immediately became red, and 
after 30 minutes the scarlet solid (11-2 g.) which had separated was collected, washed, and dried. A sample of the pro- 
duct, which did not melt below 360°, was recrystallised for analysis from pyridine (Found : C, 48-6; H, 4:3; N, 36-4. 
C,,H,,0O,N, requires C, 48-3; H, 4-1; N, 35-9%). 

4 : 6-Diamino-5-benzeneazo-2-methylpyrimidine.—Acetamidine h hloride (4:8 g.) was added to benzeneazo- 
malononitrile (8-5 g.; Hantzsch and Thompson, Ber., 1905, 38, 2266) dissolved in alcoholic sodium ethoxide (1-2 g. of 
sodium in 50 c.c. of alcohol). After standing for 1} hrs., the mixture was refluxed for 1} hrs., left overnight, and the 
separated solid collected and washed with water. Recrystallised from pyridine, 4 : 6-diamino-5-benzeneazo-2-methyl- 
pyrimidine formed brownish-yellow prisms (3-8 g.), m. p. 311° (decomp.) (Found: C, 58-0; H, 5-6; N, 36-9. C,,H,.N, 
requires C, 57-9; H, 5:3; N, 36-8%). 

4:5: 6-Triamino-2-methylpyrimidine.—(1) 4 : 6-Diamino-5-p-nitrobenzeneazo-2-methylpyrimidine (2-5 g.) was 
suspended in alcohol (250 c.c.) and hydrogenated during 7 hours at 100° under a pressure of 60 atm. in presence of Raney 
nickel. The almost colourless solution was filtered, and evaporated to dryness under reduced pressure. The residue 
was dissolved in a little alcohol and precipitated with benzene; the — was purified by recrystallisation from 
n-butanol and sublimation at 120°/10-? mm, 4: 5 : 6-Triamino-2-methylpyrimidine was thus obtained in colourless 
needles, m. p. 252—254° (Found: C, 43-4; H, 6-5; N, 49-9. C,H,N, requires C, 43-2; H, 6-5; N, 503%). 

(2) 4: 6-Diamino-5-benzeneazo-2-methylpyrimidine (2-5 g.), suspended in alcohol (300 c.c.), was hydrogenated at 
100°/60 atm., and the product worked up as above. The 4: 5: 6-triamino-2-methylpyrimidine obtained had m. p. 
252—255°, not depressed by that prepared by route (1). 

4 : 6-Diamino-5-p-chlorobenzeneazo-2-methylpyrimidine.—(a) From 4 : 6-diamino-2-methylpyrimidine. To an ice-cold 
solution of 4 : 6-diamino-2-methylpyrimidine (2 g.) in water (00 c.c.), diazotised #-chloroaniline (prepared in the usual 
manner from 2-55 g. of base in dilute hydrochloric acid) was added, followed by aqueous sodium hydrogen carbonate 
(5 g. in 70 c.c. of water). After standing overnight, the azo-compound (3-1 g.)-was collected. Recrystallised from i- 
dine, it formed golden-yellow plates, m. p. 340--342° (decomp.) (Found : C, 50-5; H, 4-2; N, 32-2; Cl, 13-4. C,,H,,N,Cl 
requires C, 50-3; H, 4-2; N, 32-0; Cl, 13-5%). , 

(b) From p-chlorobenzeneazomalononitrile. A solution of acetamidine hydrochloride (2-9 g.) in alcohol (60 c.c.) was 
mixed with alcoholic sodium ethoxide (0-8 g. of sodium in 20 c.c. of alcohol), sodium chloride removed by filtration, and 
p-chlorobenzeneazomalononitrile (4-1 g.) added. After standing for an hour, the mixture was refluxed for 6 hours and 
set aside at room temperature. At the end of 2 days water was added, and the resulting yellow solid (1-0 g.) collected. 
poe es from pyridine, it had m. p. 340—342° (decomp.) undepressed in admixture with the product prepared by 
method (a). 

4 : 6-Diamino-5-p-chlorobenzeneazopyrimidine.—(a) From 4: 6-diaminopyrimidine. 4: 6-Diaminopyrimidine (2-0 g 
Part IV, J., 1943, 574) was coupled with diazotised p-chloroaniline (from 2-4 g. of base) in the manner described for 
4 : 6-diamino-2-methylpyrimidine. Recrystallised from pyridine, the azo-compound formed yellow prisms, m. p. 301— 
302° (decomp.) (Found : C, 48-5; H, 3-8; N, 33-8; Cl, 14-5. C,,H,N,Cl requires C, 48-3;'H, 3-6; N, 33-8; Cl, 14-3%). 

(b) From p-chlorobenzeneazomalononitrile. A solution of formamidine hydrochloride (2-4 g.) in alcohol (40 c.c.) was 
mixed with alcoholic sodium ethoxide (0-65 g. of sodium in 10 c.c. of alcohol), and p-chlorobenzeneazomalononitrile 
(4:1 g.) added. The mixture was stirred until the nitrile dissolved, left for 2 hours, refluxed for 3 hours, and set aside ; 
after 4 days it was diluted with an — volume of water, and the azo-compound (0-6 g.) collected and recrystallised 
from pyridine. It had m. p, 301—303°, undepressed in admixture with a sample prepared by method (a). 

4:5: 6-Triaminopyrimidine.—4 : 6-Diamino-5-p-chlorobenzeneazopyrimidine [2-0 g. prepared by method (a) above] 
was suspended in alcohol (200 c.c.) and hydrogenated during 2 hotrs at 100°/50 atm. by means of a Raney nickel catalyst. 
The almost colourless solution was filtered, evaporated under reduced pressure and, after removal of p-chloroaniline by 
washing with ether, the residue was recrystallised from alcohol: 4 : 5 : 6-Triaminopyrimidine (0-65 g.) was obtained as 
ae m. p. 255—-257°; the mixed m. p. with an authentic specimen, m. p. 257° (Part II, Joc. cit.), was 

4 : 6-Diamino-5-p-nitrobenzeneazopyrimidine.—When 4 : 6-diaminopyrimidine (1-0 g.) was coupled with diazotised 
marie. cog a by the procedure used in the case of 4 : 6-diamino-2-methylpyrimidine, the product crystallised from nitro- 

nzene in bright plates (1-0 &) which did not melt below 360° (Found: C, 46-7; H, 3-4; N, 37-2. C,H,O,N, 
o): 


- requires C, 46-3; H, 3-5; N, 37-89 


2 : 6-Dihydroxy-5-p-chlorobenzeneazo-4-methylpyrimidine.—p-Chloroaniline (10 g.), dissolved in N-hydrochloric acid 
(200 c.c.), was diazotised in the usual manner with sodium nitrite (6 g.). After addition of sodium hydrogen carbonate 
(15 g.) the diazo-solution was added to an aqueous solution of 4-methyluracil (10 g. in 1500 c.c.). Sodium carbonate 
solution (20 c.c. of 15%) was now added, oi after 30 mins. the mixture was acidified with hydrochloric acid, and the 
orange-yellow azo-compound (4 g.) collected. Rec llised from pyridine, it formed small prisms, m. p. 235° apron 
(Found: C, 49-6; H, 3-8; N, 21-4. C,,H,O,N,Cl requires C, 49-9; H, 3-4; N, meg oY In the. preparation of thi 
compound it is necessary to avoid adding large amounts of sodium carbonate solution ; if thi the 
product is very impure. 


__ When the above azo-compound was hydrogenated in the normal way by using Raney nickel it yielded 5-amino-2 : 6- 
dihydroxy-4-methylpyrimidine, m. p. 270° (decomp.) (yield, 50%), identical with a specimen prepared by hydrogenation 
of 2 : 6-dihydroxy-5-nitro-4-methylpyrimidine. . 


precaution is not taken 


. — 5 gifts of material from Roche Products Limited and Imperial Chemical Industries, Limited are gratefully 
cknowledged. 
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85. Hxperiments on the Synthesis of Purine Nucleosides. Part VI. The Synthesis 
of 9-d-Xylosido-2-methyladenine and of 6-d-Xylosidamino-2-methylpurine. 
By J. Bappirey, B. Lyrucog, and A. Topp. 


Application of the experience gained in model experiments described in earlier papers of this series to the 
synthesis of purine nucleosides has now led to the total synthesis of 9-d-xylosido-2-methyladenine and of 6-d- 
xylosidamino-2-methylpurine. The former is readily deaminated to 9-d-xylosido-2-methylhypoxanthine but the 
latter cannot be deaminated. The ultra-violet absorption of the two synthetic xylosides of 2-methyladenine 
has been measured and compared with the corresponding data for the sugar-free purine and for 2 : 7-dimethyl- 
adenine and 2 : 9-dimethyladenine. In the course of the work, a variety of new purine and pyrimidine derivatives 


have been prepared. 


In earlier papers of this series (J., 1943, 383, 386, 571, 574, and preceding paper) a hypothetical route to the 
synthesis of purine nucleosides has been examined in model experiments designed to establish the methods to 
be employed in the various stages. Application of the experience so gained to the total synthesis of purine 
glycosides forms the subject of the present communication. The synthetic method is indicated schematically 
below. 


N N N 
Nu, NH, NH, 
(I.) (II.) 
N N N 
M H-C,H,O(OAc M H-C,H,O(OAc M H-C,H,O 
H, (VI) H, H, 
| (V.) (IV.) 
CsH,O(OR),_ 
M H-C,H,O(OR), N N. 


H 
N==CH H, H 
(VII) 


Condensation of 4 : 6-diamino-2-methylpyrimidine (I) with d-xylose under the conditions described in 
Part III (J., 1943, 571) gave 6-amino-4-d-xylosidamino-2-methylpyrimidine (II) in good yield. Our original 
intention was to convert this xyloside into 6-amino-5-thioformamido-4-d-xylosidamino-2-methylpyrimidine (IV) 
by nitrosation followed by reduction and thioformylation. This procedure has been successfully applied to 
glycosides analogous to (II) in which the methy] group in position 2 is replaced by a methylthio-group and will 
be described in a later communication. It could not, however, be applied in the case of (II) itself, since nitros- 
ation of 4 : 6-diamino-2-methylpyrimidine and its derivatives can only be effected in presence of mineral acids 
which cause hydrolysis of glycosidic linkages. A suitable alternative was found in the application of the 
coupling of pyrimidines with diazonium compounds described in Part V (preceding paper). When (II) was 
coupled in sodium hydrogen carbonate solution with diazotised p-nitroaniline 6-amino-4-d-xylosidamino-5-p- 
nitrobenzeneazo-2-methylpyrimidine (III; R = C,H,*NO,) separated in good yield; unfortunately, when 
hydrogenated in presence of Raney nickel, the azo-compound gave a mixture of the corresponding 5-amino- 
pyrimidine and p-phenylenediamine which could not easily be separated. This difficulty was surmounted by 
using 2: 4-dichloroaniline in place of -nitroaniline in the coupling. 6-Amino-4-d-xylosidamino-5-(2’ : 4’- 
dichlorobenzeneazo)-2-methylpyrimidine (II1; R = C,H,Cl,) was reduced smoothly, and the aminopyrimidine 
formed was converted directly and without isolation into the thioformamido-compound (IV). In this instance 
it was found more convenient to carry out the thioformylation by shaking the amine solution with dithioformic 
acid than by’our common procedure of allowing the amine to react with aqueous sodium dithioformate. 
Attempts to convert (IV) into a xylosido-purine by refluxing in pyridine solution were made, but the yield 
of purine seemed very small and extensive decomposition occurred during the operation. It was thought that 
decomposition might be considerably reduced if the sugar hydroxyls in (IV) were acetylated before ring closure 
was carried out. Direct acetylation of (IV) did not readily yield a homogeneous product, but the desired 
object was achieved in a slightly different way. When the azo-compound (III; R = C,H,Cl,) was acetylated 
in the cold with acetic anhydride—pyridine, 6-amino-4-triacetyl-d-xylosidamino-5-(2' : 4'-dichlorobenzeneazo)-2- 
methylpyrimidine (V; R = C,H,Cl,) was formed. Hydrogenation of this acetate, followed by treatment of 
the reduced product with dithioformic acid, gave 6-amino-5-thioformamido-4-triacetyl-d-xylosidamino-2- 
methylpyrimidine (V1) in satisfactory yield. 
The acetyl derivative (VI) was readily soluble in pyridine, and on boiling the solution hydrogen sulphide 
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was freely evolved. When gas evolution ceased the pyridine was removed and the residue triturated with 
ethyl acetate. A portion of the material dissolved, leaving a crystalline mass of 6-triacetyl-d-xylosidamino-2- 
methylpurine (VII; R = Ac), which had been formed by ring-closure between the 5-thioformamido-group of 
(VI) and the 6-amino-group. On treatment with methanolic sodium methoxide, this product underwent 
deacetylation, giving 6-d-xylosidamino-2-methylpurine (VII; R =H). Evaporation of the ethyl acetate 
mother-liquors left after removal of (VII; R = Ac) gave a resinous acetylated xyloside which on deacetylation 
yielded the desired 9-d-xylosido-2-methyladenine (VIII; R=) in crystalline condition. Proof of the 
correctness of the structures (VII) and (VIII) allotted to these products was obtained in the following way. 

The xyloside (VII; R = H) is hydrolysed very readily by 0-1N-mineral acids to 2-methyladenine and 
d-xylose. Hydrolysis under such mild conditions is a normal property of 4- or 6-glycogidaminopyrimidines, 
whereas hydrolysis of (VIII; R = H) or of the synthetic adenine d-glucoside of Fischer and Helferich (Ber., 
1914, 47, 210), which is believed to be a 9-d-glucoside (Gulland and Story, J., 1938, 259), is much more difficult. 
Moreover, (VII; R = H) is readily soluble in alkali. Alkali solubility is a property of adenine or 2-methyl- 
adenine derivatives bearing no substituent on an imidazole nitrogen; it is absent in, e.g., 2 : 7-dimethyladenine 
and 2: 9-dimethyladenine. That the xylose residue is present in a 6-xylosidamino-group is also shown by the 
fact that (VII; R = H) cannot be deaminated with nitrous acid whereas its hydrolysis product, 2-methyl- 
adenine, on similar treatment readily yields 2-methylhypoxanthine. Incidentally, this failure to deaminate 
(VII; R = H) before hydrolysis of the glycosidic linkage can be regarded as additional proof of the structure 
of the pyrimidine xyloside (II); clearly, had the sugar residue in (II) been attached to one of the nuclear 
nitrogen atoms deamination of any purine glycoside prepared from it would have been readily accomplished. 

2: 7-and 2 : 9-Dimethyladenine which were required for purposes of comparison with the synthetic xylosides 
were formed simultaneously on methylating 2-methyladenine with methyt iodide in methanolic sodium meth- 
oxide. This method of methylating purines is commonly regarded as giving rise to the 9-substituted derivative 
(Kriiger, Z. physiol. Chem., 1894, 18, 434), but it seems likely that the production of both 7- and 9-methyl 
derivatives by this method is fairly general. As both our products were insoluble in alkali, it followed that 
methylation must in each case have occurred on an imidazole nitrogen; hence, proof of structure of the sub- 
stance described as 2 : 9-dimethyladenine would automatically fix the other as 2: 7-dimethyladenine. This 
proof was obtained by direct synthesis. 6-Amino-4-methylamino-2-methylpyrimidine was coupled with 
diazotised p-chloroaniline and the azo-compound formed was hydrogenated. The 5-amino-compound produced 
was not isolated but converted directly into 6-amino-5-thioformamido-4-methylamino-2-methylpyrimidine which 
was cyclised by heating in quinoline to 2 : 9-dimethyladenine (cf. Part I; Joc. cit.). That the cyclisation had 
proceeded in the desired direction was shown, not only by the alkalizinsolubility of the product, but also by its 
ready deamination to 2: 9-dimethylhypoxanthine. 

The xyloside (VIII; R = H) is insoluble in alkali and is hydrolysed by N-sulphuric acid to 2-methyl- 
adenine and d-xylose. On treatment with nitrous acid it is deaminated, giving 9-d-xylosidamino-2-methyl- 
hypoxanthine (IX). There can therefore be no doubt but that it is 9-d-xylosido-2-methyladenine, since the 
method of synthesis excludes the possibility of the xylose residue being in position 7. The simultaneous pro- 
duction of (VII; R = Ac) and (VIII; R = Ac) on cyclisation of.(VI) was unexpected in view of the exclusive 
formation of the 9-methylpurine on cyclising 6-amino-4-methylamino-5-thioformamido-2-methylthiopyrimidine 
(Part I; J., 1943, 383) and of some preliminary experiments on other analogous acetyl-free glycosides. Until 
further studies have been made no complete. explanation can be offered. 

The work described represents the first instance of the synthesis of purine glycosides by methods establish- 
ing their constitution. The synthesis of (VIII; R = H) has an added interest since by a similar route 9-d- 
ribosidoadenines should be accessible, including the important natural nucleoside adenosine (9-d-ribofuranosido- 
adenine). Experiments on the synthesis of adenosine are in progress and will be reported in due course. 

Bearing in mind the extension of the synthetic method to adenosine, it is important:to determine whether 
the glycosides described in this paper have a furanose or a pyranose structure. Experiments now in progress 
will, it is hoped, clarify this aspect of structure for all our synthetic glycosides. Meanwhile it may be noted 
that we failed to obtain any evidence of tritylation on treating (II) with trityl chloride under the usual con- 
ditions. “ This result is by no means conclusive, since the low solubility of the xyloside would probably militate 
against tritylation in any case. Again, it would seem from a comparison of literature references to the hydrolysis 
of adenosine with those dealing with the hydrolysis of the 9-d-glucopyranosidopurines of Fischer and Helferich 
(loc. cit.), that hydrolysis of furanosides is much the more easily effected. 9-d-Xylosido-2-methyladenine is 
recovered unchanged after treatment with dilute acid of a strength known to hydrolyse adenosine, but it does 
hydrolyse with stronger acid under precisely the same conditions as the glucosides of Fischer and Helferich. 
These facts would make it appear probable that all the xylosides described in this paper are pyranosides. It 
must, of course, be admitted that, since the configuration of the natural nucleosides or the synthetic glycosides 
has not, been determined, it is possible that the differences in ease of hydrolysis might be due merely to a 
difference between and §-glycosides. 

It may be recalled that the only evidence adduced in support of the 9-glycosidic structure of the natural 
purine nucleosides is that of Gulland et al. (J., 1934, 1639; 1936, 765; 1937, 1912; 1938, 259, 692), who showed 
that the natural compourids resembled in their ultra-violet absorption 9-alkyl- rather than 7-alkyl-purines. 
Dr. A. E. Gillam has made corresponding absorption-spectrum measurements both of our synthetic xylosides 
and of sugar*free 2-methyladenine siisisn asics The results are shown in the Table. 
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Baddiley, Lythgoe, and Tedd : 


n/10-HC1. n/10-NaOH. 

2-Methyladenine 2655 12,900 2710 10,700 
2: 7-Dimethylademine 2730 16,200 2770 13,200 
2: 9-Dimethylademine 2640 12,700 2640 16,200 
9-d-Xylosido-2-methyladenine ..............+++ 2605 12,500 2625 14,700 
6-d-Xylosidamino-2-methylpurine ............ 2755 17,000 2745 14,300 


Detailed interpretation of absorption-spectrum measurements in such complex molecules is difficult in the 
absence of further data, and we would hesitate to draw any far-reaching conclusions on comparatively minor 
differences, especially when it is remembered that the absorption spectrum of adenine is very much influenced 
‘by the pH of the solution in which it is measured (Loofbourow and Stimson, J., 1940, 845). Nevertheless, the 
location of the absorption maximum in the synthetic 9-xylosido-2-methyladenine is much closer to that of 
2: 9-dimethyladenine than to that of 2: 7-dimethyladenine. In this sense the results recorded in the table 
would support the conclusions drawn by Gulland and his collaborators. 


EXPERIMENTAL. 

6-A (III; R = C,H,*NO,).—?-Nitroaniline (0-26 g.), 
dissolved in water (10 c.c.) and hydrochloric acid (1-52 c.c., d 1-16), was diazotised at 0° by adding sodium nitrite (0-14 g. 
in 10 c.c. of water). The diazo-solution was added rapidly to a freshly prepared solution of 6-amino-4-d-xylosidamino- 
2-methylpyrimidine (0-52 g.; Part III, Joc. cit.) in water (20 c.c.) containing 3 drops of concentrated hydrochloric acid. 
The resulting solution was poured into sodium hydrogen carbonate (1-6 g.) in water (100 c.c.), and the mixture left for 
2 hours. The azo-glycoside was collected. Recrystallised from pyridine—aqueous alcohol, it formed small, red plates, 
m. p. 230° (decomp.); it gave a positive Molisch reaction (Found: C, 47-0; H, 4-9; N, 246. C,.H,,O,N, requires 
C, 47-4; H, 4-7; N, 24-2%). . The azo-glycoside (0-2 g.) was recovered unchanged after 2 hours’ heating at 90° with 
trityl chloride (0-4 g.) in pyridine (10 c.c.). ; 

6-A mino-4-d-xylosidamino-5-(2’ : 4’-dichlorobenzeneazo)-2-methylpyrimidine (III; R = C,H,Cl,).—2: 4-Dichloro- 
aniline (2-7 g.), dissolved in water (150 c.c.) containing hydrochloric acid (6-5 c.c., d 1-16), was diazotised by adding 
sodium nitrite (1-2 g. in 10 c.c. of water), and the solution added to a suspension of 6-amino-4-d-xylosidamino-2-methyl- 

yrimidine (5-0 g.) in water (400 c.c.). The resulting clear solution was poured into aqueous sodium hydrogen carbonate 
{73 g. in 200 c.c.). The azo-compound soon began to separate, and after 1} hours it was collected, washed with water, 
and dried in a desiccator over calcium chloride. It was recrystallised by dissolving it in a minimum of hot pyridine, 
adding hot alcohol (3 vols.), filtering, and cooling to 0°; it formed small yellow plates, m. p. 218—219° (decomp.), which 
oes a positive Molisch reaction (Found, in material dried at room temp.: C, 41-0; H, 4-8; N, 17-6; loss at 120° ina 

igh vacuum over P,O,, 9-7. C,H ,,0,N,Cl,,2$H,O requires C, 40-6; H, 4:9; N, 17-7; loss om drying, 95%). The 
yield was almost quantitative. . ; 

6-A mino-5-thioformamido-4-d-xylosidamino-2-methylpyrimidine (IV).—The foregoing pyrimidine (2 g.) was hydro- 
genated in alcoholic solution at 70° under 120 atm. for 7 hours in presence of Raney nickel. The colourless solution 
obtained after filtering off the catalyst was evaporated to dryness in a vacuum, the residue triturated with a little water, 
and 2 : 4-dichloroaniline removed by extraction with ether. Sodium dithioformate (0-75 g. in 2 c.c. of water) was added 

‘ to the aqueous layer, and after standing under nitrogen for several days, the solution was concentrated in a vacuum 
until the thioformyl derivative crystallised. The product was collected, and recrystallised from aqueous alcohol; colour- 
less needles, m. p. 232° (decomp.) (Found, in sample dried at room temp.: C, 40-1; H, 6-2; N, 21-0; loss at 80° ina 
high vacuum oyer P,O,, 6-0. C,,H,,0,N,S,H,O requires C; 39-8; H, 5-7; N, 21-1; loss on drying, 5-4%). The yield 
by this method was variable (maximum 50%). The following is a better method of preparation. , 

The alcoholic solution obtained after reduction of the azo-compound is evaporated in a vacuum to a small volume, 
and ether (150 c.c.) added to precipitate the amorphous glycoside, which is collected, washed with ether, and dissolved 
_in water (50 c.c.); dithioformic acid (2 g.) is then added. The mixture is shaken overnight, a further 2 g. of dithioformic 
acid added, and shaking continued for a further 12 hours. The mixture is now warmed to 50° and filtered, the filter 
residue being washed with water. On evaporating the combined filtrate and washings in a vacuum to small bulk and 
adding alcohol, the thioformy] derivative crystallises out in almost pure condition (yield, 50%). 

6-A mino-4-triacetyl-d-xylosidamino-5-(2’ : 4’-dichlorobenzeneazo)-2-methylpyrimidine (V; = C,H,Cl,).—The azo- 
compound (III; R = C,H,Cl,) (1 g.) was dissolved in dry pyridine, acetic anhydride (2 c.c.) added to the cooled solution, 
and the mixture kept overnight. After addition of absolute alcohol (10 c.c.) and leaving for 1 hour, the solvents were 
removed in a vacuum, the residue evaporated once more with a small amount of absolute alcohol, and recrystallised from 
benzene or from pyridine—alcohol. The product formed small yellow plates with a rather indefinite decomposition 

material dried at 100°: C, 46-0; H, 4:5; N, 14:8. C,,H,,0O,N,Cl, requires C, 45-7; H, 4:2; 

6-A mino-5-thioformamido-4-triacetyl-d-xylosidamino-2-methylpyrimidine (VI).—The above azo-gl ide 
(V; R = C,H,Cl,) (2 g.), suspended in ethyl acetate, was hydrogenated in presence of Raney nickel at 70° under 100 
atm. during 8 hours. The filtered solution was ‘evaporated in a vacuum to small bulk, and light petroleum (100 c.c., 
b. p. 40—60°) added. The amorphous precipitate was collected, dissolved in benzene (50 c.c:), and shaken for 48 hours 
with dithioformic acid (3 g. added initially and a further 3 g. after 24 hours). The mixture was now filtered, the solid 
residue being washed with hot benzene. Filtrate and washings were combined, evaporated in a vacuum, and the residue 
dissolved in a minimum of ethyl acetate and set aside. The thioformyl derivative which slowly separated was rec 
from a mixture of alcohol, ethyl acetate, and light leum; colourless needles, m. p. 148° with evolution of gas (Found, 
in material dried at 70°: C, 45-8; H, 5-3; N, 15-3. C,,H,,0,N,S requires C, 46-0; H, 5-2; N, 158%); yield, 75%. 

Cyclisation of Thioformamido-compound (V1).—The above thioformamido-compound (3 g.) was refluxed in anhydrous 
- teagene: (10 c.c.) in a slow stream of nitrogen for 15 hours, by which time evolution of h gen sulphide had ceased. 

he pyridine was removed in a vacuum, and the résidue triturated with ethyl acetate (3 c.c.), whereupon a portion 
dissolved, leaving a mass of crystals. 

(a) The above crystalline material, recrystallised from alcohol, gave 6-triacetyl-d- (VII; 
R = Ac) as rosettes of needles, m. p. 204—205°, containing pyridine of crystallisation (Found : C, 53-5; H, 5-7; N, 17-3. 
C,,H,,0,N,,C,;H,N requires C, 54-0; H, 5:4; N, 173%); yield, 15%. 

(b) The ethyl acetate solution was evaporated to dryness. As the resinous residue did not crystallise, it was de- 
acetylated by keeping it at room temperature with methanolic ammonia (70 c.c.) for 4 days. The mixture was now 
evaporated to dryness, and the residue washed with a little absolute alcohol. Recrystallisation from water gave 9-d- 
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xylosido-2-methyladenine (VIII; R = H) as silky needles, m. p. 288° (decomp.) (Found, in material dried at 140°: C, 
47-2; H, 5-3; N, 24-6. C,,H,,0,N, requires C, 47-0; H, 5-3; N, 249%); yield, 30%. The product was sparingly 
soluble in cold water, O3).. in hot. Its solubility was not increased by addition of sodium hydroxide, It had [a]}? 
=— 26° (in water; c, 0-3). 

pith The above xyloside (100 mg-) was recovered substantially unchanged after refluxing for 14 hours 
with 0-1N-sulphuric acid. A second portion (100 mg.) was refluxed for 6 hours with n-sulphuric acid (10 c.c.). The 
hydrolysis solution was neutralised with sodium hydroxide and evaporated to small bulk, yr tiny F age sy (50 ae) 
with the properties of 2-methyladenine separated (Found, in material dried at 140°: C, 48-1; H, 4-6; N, 47-3. c. 
for C,H,N,: C, 48-4; H, 4-7; N, 47-0%). The filtrate, after removal of 2-methyladenine, was evaporated cautiously 
to dryness, the residue extracted thrice with boiling alcohol, and the combined extracts evaporated on the steam-bath. 
The semi-crystalline product was heated at 100° for 30 mins. with acetic anhydride (2 c.c.) and sodium acetate (20 mg.). 
Removal of acetic anhydride in a vacuum, followed by crystallisation of the residue from hot water, gave f-tetra-acetyl 
d-xylose (50 mg.), m. p. 126°, undepressed in admixture with an authentic specimen (m. p. 126°). 

6-d-Xylosidamino-2-methylpurine. (VII; R = H).—6-Triacetyl-d-xylosidamino-2-methylpurine (VII; R= 7 
(0-3 g.) was dissolved in chloroform (20 c.c.), and methanolic sodium methoxide (sodium, 0-034 g.; methanol, 20 c.c. 
added. After 3 hours the selution was extracted with three successive portions of water (20 c.c.), the combined extracts 
neutralised to phenolphthalein with 10% acetic acid, and evaporated to drynessina vacuum. Absolute alcohol (10 c.c.) 
was added, and the solid collected and recrystallised from water; long, colourless needles, m. p. 218° (decomp.) (Found, 
in material dried at 140°: C, 46-4; H, 5-4; N, 24-2. C,,H,,0,N, requires C, 47-0; H, 5-3; N, 24-9%); yield, 65%. 
The product had [a]}?* = — 32° (in water; c, 0-3); it was sparingly soluble in cold water but readily so in dilute sodium 
hydroxide. It could not be deaminated by means of nitrous acid in dilute acetic acid solution at room temperature 
or at 60°. 

Hydrolysis. The xyloside (0-12 g.) was refluxed for 1} hours with 0-1N-sulphuric acid (10 c.c.), and the solution 
neutralised with sodium hydroxide and concentrated to ca. 2c.c. Tiny plates (50 mg.) of 2-methyladenine separated 
(Found in material dried at 140°: C, 48-1; H, 4:3; N, 47-5. Calc. for C,H,N,: C, 48-4; H, 4-7; N, 470%). The 
filtrate from the 2-methyladenine was evaporated, the residue extracted three times with boiling alcohol, and the com- 
bined extracts again evaporated. Acetylation of the residue with acetic anhydride (2 c.c.) and sodium acetate (50 mg.) 
at 100° and recrystallisation of the product from water gave f-tetra-acetyl d-xylose (50 mg.), m. p. 126°, undepressed in 
admixture with an authentic specimen (m. p. 126°). . 

Deamination of 9-d-Xylosido-2-methyladenine.—(a) The xyloside (VIII; R =H) (0-2 g.) was dissolved in water 
(10 ‘a, 70°, barium nitrite (0-42 g.) added, and the solution cooled rapidly to 20° before addition of acetic acid (0-3 
c.c.). The solution was left at room temperature for 3 days with occasional shaking, evaporated to small volume, and 
filtered from some barium nitrate which separated. The filtrate was made just acid to Congo-red with ‘sulphuric acid, 
precipitated barium sulphate removed, and the solution evaporated to small bulk. On standing, 9-d-xylosido-2-methyl- 
hypoxanthine (IX) separated as small plates (0-06 g), m. p. 203°, readily soluble in dilute sodium hydroxide (Found, 
in material dried for 1 hour at 100°: C, 44-1;. H, 5-2; N, 181; loss at 140° in a high vacuum over P,O,, 6-2. 
C,,H,,O,;N,,H,O requires C, 44-0; H, 5-3; N, 18-6; loss on drying, 6-0%). . 

(b The xyloside (0-3 g.) was dissolved in warm water (10 c.c.), sodium nitrite (0-6 g.) and acetic acid (0-9 c.c.) added, 
and the solution maintained at 60° for 15 mins., then eva ted to small bulk. On addition of sodium hydroxide to 
faint alkalinity to brilliant-yellow and keeping, 9-d-xylosido-2-methylhypoxanthine, m. p. 203°, crystallised out (yield, 


8 Methythypoxanthine.—2-Methyladenine (1 g.) was dissolved in boiling water (150 c.c.) containing acetic acid (7 c.c.), 
the solution cooled to 60—65°, and barium nitrite (7 g.) added. The mixture was maintained at this temperature for 
45 minutes, and left overnight at room temperature. A slight excess of ammonia was now added, and the solution 
evaporated to small bulk. 2-Methylhypoxanthine separated as fine needles, and was recrystallised from water; it had 
no m. p. below 360° (Found, in material dried at 140°: C, 47-6; H, 3-6; N, 36-7. C,H,ON, requires C, 48-0; H, 4-0; 
N, 37-4%). The same product was also obtained by ring closure of 4-amino-5-thioformamido-6-hydroxy-2-methyl- 
pyrimidine by heating in quinoline solution. . 

. Methylation of 2-Methyladenine.—2-Methyladenine (1 g.) was dissolved in methanolic sodium methoxide (0-155 g. 
of sodium in 10 c.c. of methanol), and methyl iodide (3 g.) added. The solution was set aside for 6 days, and the crystal- 
line solid which had separated was filtered off. Recrystallisation from water gave 2 : 7-dimethyladenine (0-3 g.) as colour- 
less needles, m. p. 338° (decomp.), whose sparing solubility in cold water was not increased by addition of sodium hydroxide 
(Found, in material dried at 140°: C, 51-5; H, 5-8; N, 42-6. C,H,N, requires C, 51-5; H, 5-5; N, 43-0%). 

The mother-liquors remaining after the separation of 2: 7-dimethyladenine on concentration deposited colourless 
needles (0-2 g.) of 2 : 9-dimethyladenine, m. p. 238° (Found, in material dried at 140°: C, 51-4; H, 5-7; N, 42-8%). 
Its sparing solubility in cold water was not increased by addition of sodium hydroxide. A mixed m. p. with a specimen 
of 2 : 9-dimethyladenine synthesised by the route described below showed no depression. 

heated in an autoclave at 150° for 4 hours with aqueous methylamine (150 c.c, of 33%). The product which separated on 
cooling was recrystallised from hot water; colourless needles, m. p. 239—240° (Found, in material dried at 140°: 
C, 52-1; H, 7-2; N, 40-0. C,H,,N, requires C, 52-2; H, 7-2; N, 40-67%). The yield was almost quantitative. 

6-A mino-4-methylamino-5-p-chlorobenzeneazo-2-methylpyrimidine.—The foregoing pyrimidine (45 g.) was added to 
a solution of diazotised -chloroaniline (from 43 g. of base in 250 c.c. of 13% hydrochloric acid), and the mixture poured 
into slight excess of aqueous sodium hydroxide (10%). The yellow azo-compound which was precipitated was collected, 
washed, and rec ised from pyridine; yellow plates, m. p. 207° (decomp.) (Found, in material dried at 140°: C, 
52-3; H, 48; N, 30-3. C,,H,,N,Cl requires C, 52-1; H, 4-7; N, 30-4%); yield, 75%. 

6-A mino-5-thioformamido-4-methylamino-2-methylpyrimidine.—The above azo-compound (30 g.) was suspended in 
alcohol (400 c.c.) and hydrogenated at 110° for 4 hours under 100 atm., a Raney nickel catalyst being used. The pale 
brownish solution was filtered, evaporated to dryness in a vacuum, and water (250 c.c.) added. After removal of 

-chloroaniline by ether extraction, sodium dithioformate (45 g.) was added, and the filtered aqueous solution left overnight. 

he thioformamido-compound which separated was collected and recrystallised from water; colourless, slender plates, 
m. p. 189° with gas evolution (Found, in material dried at room temperature: C,43-1; H, 5-9; N, 35-5. C,H,,N;,S 
requires C, 42-7; H, 5-6; N, 35-6%). The yield was almost quantitative. 

2 : 9-Dimethyladenine.—Thé above thioformamido-compound (5 g.) was refluxed in quinoline (25 c.c.) for 5 mins., 
and the solution cooled and diluted with ether. The 2 : 9-dimethyladenine which separated was recrystallised from water, 
(abowey gen er m. p. 238°, undepressed in admixture with a specimen prepared by methylating 2-methyladenine 
above); yield, 

Additional proof that the uct is indeed 2 : 9-dimethyladenine was obtained in the following way. The material 

(1 g.) was dissolved in water (20 c.c.) containing acetic acid (5 c.c.) at 65°, sodium nitrite (4 g.) added, and the solution 

maintained at 60—65° for 1 hour. The solution was now neu to phenolphthalein with sodium hydroxide and 
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evaporated to small bulk. On cooling, 2 : 9-dimethylhypoxanthine ted; recrystallised from water, it formed 
colourless needles, which en heating appeared to et at ca. 330° (Found, in material dried at 140°: C, 51-8; 
H, 5-0; N, 34-4. C,H,ON, requires C, 51-2; H, 4-9; N, 342%); yield, 90%. 


— one gifts of material from Imperial Chemical Industries Limited and Roche Products Limited are gratefully 
acknowledg 
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86. Colchicine and Related Compounds. Part III. 
By J. W. Cook, WALTER GRAHAM, and (in part) A. CoHEN, R. W. Laps.ey, and (the late) C. A. LAWRENCE. 


With the dual object of synthesising a colchicine degradation product and thus establishing its structure, 
and of obtaining analogous compounds for biological study, possible synthetic routes to methoxylated 
arate ao have been explored. The above-mentioned degradation product, prepared by Windaus by 

ofmann degradation of colchinol methyl ether and regarded by him as 2:3: 4: (6 or 7)-tetramethoxy-9- 
ptr pt ra has beer, obtained. more simply by the action of phosphoric oxide on N-acetylcolchinol . 
methyl ether 


In Part I (Cohen, Cook, and Roe, J., 1940, 194) attention was drawn to the desirability of synthesising 
2:3:4:6- and 2:3: 4: 7-tetramethoxy-9-methylphenanthrene for comparison with a product obtained 
by Windaus (Annalen, 1924, 439, 59) by degradation of colchicine. An obvious intermediate to use is 2- 
nitro-3 : 4 : 5-trimethoxybenzaldehyde, which Sharp (J., 1936, 1234) obtained by direct nitration in yields 
never exceeding 20%. In our hands this nitration always gave even smaller yields (compare Cook and Engel, 
J., 1940, 198), and nitration of the diacetate formed by the action of acetic anhydride on 3 : 4 : 5-trimethoxy- 
benzaldehyde gave no crystalline product. We were therefore led to examine synthetic routes which did not 
require the use of the nitro-aldehyde. In the selection of such methods we had in mind also their application 
to the synthesis of compounds more closely related in structure to the alkaloid itself and also to the production 
of compounds which might show its biological activity. 

Bromination of «-cyano-a-p-anisyl-f-(3 : 4 : 5-trimethoxyphenyl)ethylene led to the 2-bromo-compound 
(I; X = Br, R= OMe). Hydrolysis of this gave «-p-anisyl-B-(2-bromo-3 : 4 : 5-trimethoxyphenyl)acrylamide, 
together with a nettral gum which was oxidised by alkaline permanganate to 2-bromo-3 : 4 : 5-trimethoxy- 
benzoic acid. Unsuccessful attempts were made to cyclise the bromo-compound (I; X = Br, R = OMe) 
to a phenanthrene derivative by fused potassium hydroxide at 240°, by this alkali in boiling quinoline, and by 
potassium acetate in naphthalene at 190°. 2-Nitro-3 : 4 : 5-trimethoxybenzaldehyde readily condensed with 
p-methoxybenzyl cyanide to give a-cyano-a-p-anisyl-B-(2-nitro-3 : 4 : 5-trimethoxyphenyl)ethylene (I; X = NO,, 
R = OMe), and 3: 4: 5-trimethoxybenzaldehyde condensed with p-hydroxybenzyl cyanide to give a-cyano-a- 
p-hydroxyphenyl-B-(3 : 4 : 5-trimethoxyphenyljethylene (I; X = H, R = OH). 


H 


(I.) (II.) (III.) (IV.) 


Grewe (Ber., 1939, 72, 426) has described a synthesis of hydrophenanthrene derivatives which seemed to 
lend itself to the production of compounds related to colchicine. In an attempt to adapt this, 3: 4: 5-tri- 
methoxybenzyl chloride was condensed with ethyl malonate, and the product was condensed further with 2- 
bromo-4-methoxycyclohexanone. The required intermediate (II) could not be isolated from the products of 
this reaction. 

3: 4: 5-Trimethoxyphenylacetamide failed to react with methylmagnesium iodide to give the ketone 
(III; X =H), which was required for condensation with m- and p-methoxyphenylmagnesium bromide. 
Dehydration of the amide with thionyl chloride in boiling benzene gave a crystalline product, presumably 
3 : 4: 5-trimethoxyphenylacetonitrile, in too poor yield to be of synthetic. value. - The action of ethereal 
hydrogen chloride on the diazo-ketone prepared from 3: 4 : 5-trimethoxyphenylacetyl chloride and diazo- 
methane led to a chloro-ketone (III; X = Cl) which was resistant to reduction. Trimethoxyphenylacety] 
chloride failed to undergo a normal Friedel-Crafts reaction with anisole. 

If the acetamido-group of colchicine is not attached to the nucleus, as postulated by Windaus, but is in 
the side chain (compare Cohen, Cook, and Roe, loc. cit.), then N-acetylcolchinol methyl ether should have the 
structure (IV) and would be expected to undergo cyclo-dehydration to a tetracyelic compound,. by a reaction 
analogous to a Pictet-Decker isoquinoline synthesis. Treatment of this tetramethoxy-compound with 
phosphoric oxide in boiling xylene led to elimination of acetamide, and the formation of the compound obtained 
by Windaus (Annalen, 1924, 439, 59) by Hofmann degradation of colchinol methyl ether and formulated by 
him as 2: 3: 4: (6 or 7)-tetramethoxy-9-methylphenanthrene. This result, which is reminiscent of the thermal 
elimination of benzamide from another colchicine degradation product, N-benzoylcolchide (Windaus, Sitzungs- 
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ber. Heidelberg. Akad. Wiss., Math.-Nat. K1., A, 1911, 2 Abh.), is in better accord with Windaus’s structure 
for N-acetylcolchinol methyl ether. This structure, however, is difficult to reconcile with the results described 
in the following paper. | 

The methoxymethylene ketone grouping of colchicine [compare formula (I), p. 325] or the hydroxymethylene 
ketone grouping of its hydrolysis product, colchiceine, should enable a new ring to be formed with suitable 
reagents. Neither colchicine nor colchiceine could be condensed with acetamidine, under conditions used for 
pyrimidine ring synthesis. Colchicamide (Zeisel, Monatsh., 1888, 9, 1), the corresponding aminomethylene 
compound, likewise failed to condense with ethyl cyanoacetate in presence of alcoholic sodium ethoxide or 
piperidine, but interaction took place between colchicine and cyanoacetamide in presence of alcoholic sodium 
ethoxide at room temperature. The amorphous product probably consisted mainly of the expected quinoline 
or isoquinoline derivative, but neither the base nor its hydrochloride could be obtained crystalline. 


EXPERIMENTAL. 


3:4: 5-Trimethoxybenzaldehyde (A. CoHEN).—Reduction of 3: 4: 5-trimethoxybenzoyl chloride by Rosenmund’s 
method gives uncertain yields, and it was found that the method of Sonn and Miiller may be used as an alternative. 
3:4: 5-Trimethoxybenzanilide was prepared by treatment of 3 : 4 : 5-trimethoxybenzoyl chloride with aniline (2 mols.) 
in chloroform solution at room temperature. It formed elongated plates (from aqueous methyl alcohol), m. p. 136— 
137° (Found: C, 66-6; H, 5-9. C,,H,,O,N requires C, 66-85; H, 6-0%). A solution of this anilide (80 g.) in tetra- 
chloroethane (300 c.c.) was treated with phosphorus pentachloride (60 g.) and heated at 150° for } hour. The phosphorus 
oxychloride and some of the solvent were removed under reduced pressure, and the residual solution of chloro-imine 
was added to an ice-cold suspension of stannous chloride (224 g.) in dry ether (1200 c.c.) which had been saturated at 
0° with dry hydrogen chloride. The mixture was kept overnight in the refrigerator (0—3°), and the orange solid in 
suspension was collected, washed with ether, and hydrolysed by 1 hour’s boiling with acetic acid (200 c.c.), concentrated 
hydrochloric acid (175 c.c.), and water (325 c.c.). The product was extracted with ether, after dilution with water, and 
the ethereal extract washed, dried, and distilled, giving 3 : 4 : 5-trimethoxybenzaldehyde (36 g.), b. p. 143—146°/0-4 
mm. The diacetate was obtained (R. W. Lapstrey) when a solution of this aldehyde (2 g.) in cold acetic anhydride (12 
c.c.) was treated with a trace of concentrated sulphuric acid. The solution was kept for 1} hours, poured into ice-water, 
and the a TN crystallised from alcohol. It formed colourless needles (2-15 g.), m. p. 112—113° (Found: C, 56-6; 
H, 6-1. CyH,,0, requires C, 56-5; H, 6-1%). 

a-Cyano-a-p-anisyl-B-(2-bromo-3 : 4 : 5-trimethoxyphenyl)ethylene (I; X = Br, R = OMe).—A solution of bromine 
(0-5 g.) in dry chloroform (5 c.c.) was added to a cold solution of a-cyano-a-p-anisyl]-f-(3 : 4 : 5-trimethoxyphenyl)ethylene 
(Cook and Engel, Joc. cit.) (1 g.) in dry chloroform (20 c.c.). After 14 hours the solvent was removed and the residual 
bromo-compound was crystallised from alcohol, forming fine pale yellow needles, m. p. 141—142-5° (1-25 g.) (Found : 
C, 56-75; H, 4-6. C,,H,,0,NBr requires C, 56-4; H, 4.45%). This bromo-compound (1 g.) was hydrolysed oy 16 hours’ 
boiling with 6n-sodium hydroxide solution containing a little alcohol. An acid product was not formed. The neutral 
products were separated by means of benzene into the sparingly soluble a-p-anisyl-B-(2-bromo-3 : 4 : 5-trimethoxyphenyl)- 
acrylamide (0-17 g.), colourless microscopic rhombs, m. p. 179—181° (from benzene) (Found: C, 54:3; H, 4:7; OMe, 
29-2. Cy gH,,O,NBr requires C, 54-0; H, 4:7; OMe, 29-4%), and an easily soluble red gum (0-6 g.) which was oxidised 
by boiling alkaline potassium permanganate (1-2 g.) to 2-bromo-3 : 4: Sat aie on acid (0-35 g.), m. ie 151— 
152° (Found: C, 41-3; H, 3-9. Calc. for CyH,,O,Br: C, 41-2; H, 38%) (Hamburg, Monatsh., 1898, 19, 598, gives 
m. p. 151°). 

: 4: 5-trimethoxyphenyljethylene (I; KX = NO,, R = OMe) (C. A. LAwRENCcE).—A 
cold solution of 2-nitro-3 : 4 : 5-trimethoxybenzaldehyde (0-55 g.; from 12-5 g. of.trimethoxybenzaldehyde) and p- 
methoxybenzyl cyanide (0-35 g.) in alcohol (8 c.c.) was treated with 2n-sodium hydroxide (1-2 c.c.). After 2 hours at 
0° the solid was collected, washed, and recrystallised from alcohol. The product (I; X = NO,, R = OMe) (yield, almost 
quantitative) formed long, primrose-yellow, felted needles, m. p. 164-5—165-5° (Found: C, 61-6; H, 5-0. C,H,,0O,N, 
requires C, 61-6; H, 49%). 

a-Cyano-a-p-hydroxyphenyl-B-(3 : 4 : 5-trimethoxyphenyljethylene (I; X =H, R= OH) (Granam, Lapstey, and 
LAWRENCE).—A solution of 3 : 4 : 5-trimethoxybenzaldehyde (4 g.) and p-hydroxybenzyl cyanide (2-5 g.) in alcoholic 
sodium ethoxide (from 1 g. of sodium and 25 c.c. of alcohol) was kept at room temperature for 48 hours, and then treated 
with dilute hydrochloric acid. The ose crystallised from aqueous alcohol in fine, — yellow needles (3-2 g.), 
m. p. 169-5—170-5° (Found: C, 69-6; H, 5-7. C,,H,,O,N requires C, 69-4; H, 55%). Its acetate had m. p. 162°, 
and its benzoate m. p. 159—160°. Several attempts were made to hydrogenate the hydroxy-compound and its acetate 
over Adams’s platinum oxide catalyst, but the amount of crystalline reduction products was very small. Most of the 
material resisted hydrogenation. attempt to reduce the hydroxy-compound with sodium and alcohol gave, as the 
only crystalline, product, a-p-hydroxyphenyl-B-(3 : 4 : 5-trimethoxyphenyl)acrylamide, m. p. 211° (benzene—acetone) 
(Found: C, 65-4; H, 5-9. C,,H,,O,N requires C, 65-7; H, 5-8%). 

3:4: 5-Trimethoxybenzyl 4 Icohol.—(a) (A. CoHEN.) A solution of 3:4: 5-trimethoxybenzaldehyde (10-5 g.) in 
warm alcohol (100 c.c.) was shaken with hydrogen and platinum black (0-45 g.). Absorption was complete in 15 hours. 
The filtered solution was distilled, giving 3 : 4 : 5-trimethoxybenzyl alcohol (10-1 g.) as a colourless viscous oil, b. p- 
145—150°/0-4 mm. Its 3 : 5-dinitrobenzoate formed yellow leaflets (from alcohol), m. p. 147—148° (Found: C, 52-2; 
H, 4-2. C,,H,,O,N, requires 52-0; H, 41%). 

For conversion into the chloride, a mixture of the alcohol (10 g.) and dimethylaniline (8 g.) was treated at 0° with 
thionyl chloride (6-6 g.). After being kept at 0° for 4 hour and then at 100° for 15 minutes the resulting mixture was 
treated with very dilute hydrochloric acid and extracted with ether. The ethereal extract was washed, dried, and dis- 
tilled. 3:4: 5-Trimethoxybenzyl chloride (7-4 g.), b. p. 135°/0-5 mm., crystallised from light petroleum in colourless 
flat needles, m. p. 60—61° (Found : C, 55-9; H, 6-1. Calc. for C,,H,,;0,Cl: C, 55-4; H, 6-05%) (compare I.G., D.R.-P. 
526,172). This chloride failed to react with magnesium to give the Grignard compound which was required for con- 
densation with p-methoxyacetophenone. Such inertness to magnesium seems characteristic of highly methoxylated 
halogen compounds. 

(b) 1: 3-Dimethylpyrogallol (Hahn and Wassmuth, Ber., 1934, 67, 701) (7 g.) was treated with formalin and sodium. 
hydroxide solution by a procedure which was essentially that of D.R.-P. 453,277. The resulting gg alcohol (5 g.) 
had m. p. 131—132° (Found : C, 58-6; H, 6-6; OMe, 33-6. Calc. for C,H,,0,: C, 58-6; H, 6-5; OMe, 33-7%). Methyl-. 
ation with methyl iodide and sodium ethoxide (D.R.-P. 526,172) gave 3 : 4 : 5-trimethoxybenzyl alcohol which formed 
a 3: 5-dinitrobenzoate identical with that described under (a). When this methylation was effected with methyl 
p-toluenesulphonate and aqueous potassium hydroxide at 100° the result was less satisfactory. The crude methylation 
product was a viscous liquid which slowly resinified. Trituration of the resin with ether gave a white solid, probably- 
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1:2:3:5:6: 7-hexamethoxy-9 : 10-dihydroanthracene, which crystallised from alcohol in colourless prisms, m. p. 2(]° 
(Found : C, 67-1; H, 6-7; OMe, 52-0. Cy gH,,0, requires C, 66-7; H, 6-7; OMe, 51-7%). 

- 4-Methoxycyclohexanol was prepared in excellent yield by hydrogenation of quinol monomethyl ether over Raney 
nickel at 120° and 130 atm. (compare Ruggli, Leupin, and Businger, Helv. Chim. Acta, 1941, 24, 339). A solution of 
. chromic acid (5-7 g.) in 80% acetic acid (25 c.c.) was added during } hour to a stirred and cooled solution of 4-methoxy. 
cyclohexanol (10 g.) in acetic acid (100 c.c.), the temperature being kept below 10—12°. Stirring was continued for an 
hour, the solution kept overnight, and most of the acetic acid distilled under reduced pressure. The residue was nev- 
tralised with sodium carbonate solution, and extracted with ether. Distillation of the dried extract gave 4-methoxy. 
sa (7-5 g.), b. p. 81—83°/11 mm. This oxidation procedure gave better yields than that of Helfer (ibid, 
1924, 7, 952). 

A solution of bromine (7-3 g.) in dry chloroform (70 c.c.) was added to a cooled, stirred solution of 4-methoxycycio. 
hexanone (5-9 g.) in chloroform (60 c.c.) at such a rate that the colour remained faintly yellow. After an hour the 
chloroform was removed under reduced pressure, and the residue was dissolved in ether, washed with sodium hydrogen 
’ carbonate solution, dried, and distilled. The fraction, b. p. 127—135°/12 mm. (3-85 g.), was assumed to be 2-bromo- 
4-methoxycyclohexanone. For characterisation this colourless liquid (1-1 g.) was mixed with thiourea (0-4 g.); an exo- 
thermic reaction set in and the syrup which was formed gradually solidified. For completion of the reaction, the mixture 
was heated on the water-bath fora short time. Dilute sodium hydroxide was added, and the insoluble material collected, 
washed with ether, and recrystallised from benzene-cyclohexane and finally benzene. 2-Amino-6-methoxy-4: 5:6: 7- 
formed colourless prisms, m. p. 141-5—144° (Found: C, 52-4; H, 6-5. C,H,,ON,S requires 
C, 52-2; H, 6-4%). 

Ethyl 3: 4: 5-Trimethoxybenzy'malonate.—3 : 4: 5-Trimethoxybenzyl chloride (4-4 g.) was added to a solution of 
ethyl sodiomalonate (from 0-5 g. of sodium, 9 c.c. of alcohol, and 3-25 g. of ethyl malonate). After being kept at room 
temperature for an hour, the mixture was heated on the water-bath for 15 minutes, and the alcohol distilled off under 
reduced pressure. The residue was treated with water and extracted with ether. From the ethereal extract was obtained 
ethyl 3: 4: 5-trimethoxybenzylmalonate, which stallised from light petroleum in colourless prisms, m. p. 67—71° 
(Found : C, 59-7; H, 7-0. C,,H,,O, C, 60-0; H, 7-1%). Alkaline hydrolysis, followed by thermal decarboxy)- 
ation of the acid, gave B-3,: 4 : 5-trimet. oo lpropionic acid, which formed colourless needles (from benzene-light 
petroleim), m. p. 100—102° (Found: C, 60-2; H, 6-4. C,,H,,O, requires C, 60-0; H, 6-7%). 

A solution of 2-bromo-4-methoxycyclohexanone (2-55 g.) in dry benzene (15 c.c.) was added to the ice-cooled sodio- 
compound prepared by heating ethyl 3 : 4 : 5-trimethoxybenzylmalonate (4°2 g.) and sodium (0-28 g.) in dry' benzene 
(30 c.c.). The mixture was heated on the water-bath for 4 hours, cooled, and then treated with water. The benzene 
solution gave an oil (5-5 g.) which did not crystallise. Hydrolysis with boiling alcoholic sodium hydroxide gave (a) a 
sparingly soluble sodium salt (1 g.), (b) a filtrate which gave resinous material (1-8 g.) when diluted with water and acidified, 
and (c) a red gum (1-4 g.) which was isolated by evaporating the acid filtrate and extracting the dry residue with acetone. 
The sparingly soluble sodium salt (a) was dissolved in water, and the solution acidified and evaporated to dryness under 
reduced pressure. From the dry residue acetone extracted 3: 4 : 5-trimethoxybenzylmalonic acid, which crystallised 
from benzene-alcohol in colourless prisms, m. p. 115—116° (Found: C, 55-2; H, 5-4. C,,;H,,O, requires C, 54-9; H, 
5-6%), and was decarboxylated at 135° to 3 : 4: 5-trimethoxyphenylpropionic acid, m. p. 100°. More of this acid was 
obtained from fraction (c). Fraction (b) was decarboxylated and then heated for\4 hour with syrupy phosphoric acid 
at 105°. Chromatographic purification of the benzene-insoluble fraction of the product gave a very small amount of 
colourless crystals, m. p. 230° (Found: C, 54-1; H, 6.4%). The amount was insufficient for further examination. 

Partial Reduction of 2 : 4-Dinitrophenylacetic Acid.—This acid was readily obtained by nitration of phenylacetic acid 
(Borsche, Ber., 1909, 42, 1313). Gabriel and Meyer (Ber., 1881, 14, 824) claim to have reduced the 4-nitro-group with 
ammonium sulphide, but give few details (compare Parkes and Aldis, J., 1938, ag” Attempts to effect this reduction 
with sodium polysulphide or with hydrazine hydrate (compare Curtius, J. pr. Chem., 1907, '76, 291) led to decarboxylation, 
2-nitro-4-aminotoluene being formed by the former method and 2 : 4-dinitrotoluene by the latter (LAPsLEy). 

Methy] 2 : 4-dinitrophenylacetate geet loc. cit.) (2 g.) was heated for an hour in boiling methyl alcohol (20 c.c.) 
with 50% hydrazine hydrate (3-5 c.c.), and gave pale yellow needles of 2 : 4-dinitrophenylacethydrazide, m. p. 135-5— 
137° (Found : N, 23-4. C,H,O,N, requires N, 23-3%). 

A series of experiments was carried out on the catalytic hydrogenation of methyl 2 : 4-dinitrophenylacetate. Under 
_ the most favourable conditions (ether as solvent; palladium black as catalyst; interruption before the calculated amount 
of hydrogen had been absorbed) yields up to 15% of methyl 2-nitro-4-aminophenylacetate, m. p. 90°, were obtained. 
Unchanged dinitro-ester was also isolated, together with a white solid, m. p. 100°, apparently methyl 2 : 4-diamino- 

henylacetate. 
¥ When condensation was attempted between sodium 2: 4-dinitrophenylacetate and 3: 4: 5-trimethoxybenz- 
aldehyde in presence of acetic anhydride at 100°, the product was 2: 4-dinitrotoluene. Methyl 2 : 4-dinitropheny]- 
acetate failed to condense with 3 : 4: 5-trimethoxybenzaldehyde in presence of pyridine, piperidine, or piperidine acetate. 

3:4: 5-Trimethoxyphenylacetamide (LAPSLEY and GRAHAM).—3 : 4: 5-Trimethoxybenzoyl chloride was converted 
by means of diazomethane into w-diazo-3 : 4 : 5-trimethoxyacetophenone, m. Be 101° (Baker, Morgans, and Robinson, 
J., 1933, 374; Slotta and Miiller, Z. physiol. Chem., 1936, 288, 14), and this (2 g.) was added slowly at 50—60° toa 
stirred solution of 20% ammonia (25 c.c.) to which had been added 10% silver nitrate solution (2-5c.c.). The temperature 
was then gradually raised to 80°. When the effervescence had subsided the solution was diluted with water, boiled 
for an hour, and filtered hot. The trimethoxyphenylacetamide (1-5 g.) which crystallised from the cooled solution had 
m. p. 122—123° (compare Slotta and Miiller, Joc. cit.). A solution of this amide (0-5 g.) in benzene ee and thionyl 
chloride (1-5 g.) was boiled for 20 minutes, and the product was distilled under reduced pressure. e solid distillate 
crystallised frgm benzene-light petroleum and then had m. p. 72—74°. The yield of this compound, probably tri- 
mo ge yang na was poor, and other conditions gave no better result (Hahn and Wassmuth, Ber., 1934, 67, 
707, give m. p. 81°). 

3: 4: 5-Trimethoxyphenylacetic acid was obtained in almost quantitative yield by hydrolysis of the amide with 
10n-sodium hydroxide solution (10 par... 6 hours’ boiling), The chloride of this acid was unstable, and could not be 
distilled without extensive decomposition, even under reduced pressure. A solution of the acid (1 g.) in thiony] chloride 
(2-5 g.) was heated at 40° for 30 minutes, and then boiled for 5 minutes. A little dry benzene was added, and the solvents 
evaporated under reduced pressure, this process being repeated twice. The residue, freed in this way from thiony! 
chloride, was dissolved in a little ether and added to ethereal diazomethane prepared from 6 c.c. of nitrosomethylurethane. 
Ethereal hydrogen chloride was then added until effervescence ceased (compare Haworth and Atkinson, J., 1938, 805). 
After an hour, the solution was washed with water and dilute sodium carbonate solution, dried over sodium sulphate, 
and the ether removed. The dark residual solid was purified by passing its solution in benzene through a column of 
alumina, and was crystallised from ether, forming colourless needles, m. p. 75°. This substance, which contained 
m9 C. a 2 : 4-dinitrophenylhydrazone, m. p. 118°, was evidently y-chloro-a-3 : 4 : 5-trimethoxyphenylacetone 
(III; X = Ch). 
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Action of Phosphoric Oxide on N-Acetylcolchinol Methyl RT Boy gg oxide (0-8 g.) was added to a solution of 
N-acetylcolchinol methyl ether (Windaus, Sitzungsber Heidelberg. Akad. Wiss., Math.-Nat. K1., A, 1919, 16 Abh.) (0-4 g.) 
in dry purified xylene (20 c.c.), and the mixture boiled for 15 minutes (oil-bath heating). After cooling, the xylene 
solution was decanted from the residue, which gave no basic material with alkali, and was evaporated pnder reduced 
pressure. The residual gum crystallised from methyl alcohol in colourless plates which mostly melted at 100°; the melt 
resolidified and melted again at 109—110° (Found: C, 73-1; H, 6-1. Calc. for C,,H,,O,: C, 73-05; H, 6-4). This 
compound, which did not contain nitrogen, was shown by direct comparison with an authentic specimen prepared by 
Dr. Loudon to be identical with the compound prepared by Windaus (Annalen, 1924, 439, 59) by Hotmana degradation 
of colchinol methyl ether. 

Condensation of Colchicine with Cyanoacetamide.—A solution of colchicine (0-2 g.) and cyanoacetamide (0-05 g.) in 
alcoholic sodium ethoxide (from 0-01 &. of sodium and 8 c.c. of alcohol) was kept at room temperature for 4 days, during 
which the colour changed to orange and then darkred. Thealcohol was removed under reduced pressure, and the residue 
was taken up in water and acidified with dilute hydrochloric acid. The precipitate was collected, more being obtained 
by extraction of the filtrate with chloroform. It could not be crystallised, but was purified for analysis by addition 
of benzene to its hot solution in alcohol. The orange-yellow amorphous powder thus precipitated began to sinter at 
175° and decomposed at 205° (Found, after allowance for ash: C, 61-1; H, 5-7; N, 8-7. C,,H,,O,N,Cl requires C, 
61-3; H, 5-1; N, 89%). This product is probably, the hydrochloride of a complex quinoline derivative (compare the 
condensation of hydroxymethylenecyclohexanone with cyanoacetamide, Sen-Gupta, J., 1915, 107, 1354). 
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87. Colchicine and Related Compounds. Part IV. Synthesis of 2:3:4:5-, 
2:3:4:6-, and 2:3: 4: 7-Tetramethoxy-9-methylphenanthrenes. 
By G. L. BUCHANAN, J. W. Coox, and J. D. Loupon. 


The three compounds named in the title have been synthesised, by the Pschorr method, from 2-nitro-3 : 4 : 5- 
trimethoxybenzaldehyde and m- and -methoxyphenylacetic acids. The tetramethoxyphenanthrene-9- 
carboxylic acids, which were the primary products, were reduced to the 9-aldehydes and thence to the 9-methyl 
compounds. All three of these were different from the colchicine degradation product, hitherto believed to be 
2:3: 4: (6 or 7)-tetramethoxy-9-methylphenanthrene, which Windaus prepared and converted into 9-methyl- 
‘phenanthrene. 

. 2-Nitro-3 : 4 : 5-trimethoxybenzaldehyde, which is obtained only in small yield by nitration of trimethoxy- 
benzaldehyde, was prepared in sufficient quantity for our synthetical reactions fyom 2-nitro-3 : 4 : 5-trimethoxy- 
benzoic acid, through the intermediary of a ‘‘ Reissert compound.” o- and m-Nitrobenzaldehydes were 
similarly prepared, but the method failed to give p-nitro-, 2 : 4-dinitro-, or 3 : 5-dinitro-benzaldehyde. 


Tue structure (I) proposed by Windaus (Amnalen, 1924, 489, 59) for colchicine is supported by a considerable 
body of evidence. It accords with the oxidation of colchicine to 2 : 3 : 4-trimethoxyphthalic acid-(Windaus, 
Sitzungsber. Heidelberg. Akad. Wiss., Math.-Nat. Kl. A, 1914, 18 Abh.), and the ready lactonisation of another 
degradation product (idem, ibid., 1911, 2 Abh.) appears to establish the positions of the methoxyl groups in 
ring A of colchicine. Moreover, hydrolysis of the methoxymethylene group in ring C, followed by treatment 
with iodine and potassium hydroxide, leads to an iodo-phenol, methylated to N-acetyliodocolchinol methyl 
ether (II) (idem, ibid., 1914, 18 Abh.; 1919, 16 Abh.). This was oxidised to a compound identified by Grewe 
(Ber., 1938, 71, 907) as 4-iodo-5-methoxyphthalic acid. Hence the nature and positions of substitution of 
ring C in N-acetyliodocolchinol methyl ether are established, with the proviso that the two substituents may be 
interchanged. This leads to two alternative structures (III) for colchinol methyl ether, obtained from (II) 
by reduction followed by acid hydrolysis. Windaus (Amnalen, 1924, 489, 59) submitted colchinol methyl 
ether to Hofmann degradation and obtained a product, hereafter termed deaminocolchinol methyl ether, 
which he regarded as 2: 3: 4: 6- or 2: 3: 4: 7-tetramethoxy-9-methylphenanthrene, (IV) or (V). In support 
of this formulation Windaus found that deaminocolchinol methyl ether was converted into 9-methylphen- 
anthrene, by demethylation followed by zinc dust distillation. 
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Cohen, Cook, and Roe (J., 1940, 194) suggested that the structure of ring B in’ Windaus’s formula for 
colchicine (I) was not in complete accord with the experimental evidence, and they advanced alternative 
structures (including VI) for colchinol methylether. These workers also pointed out that the drastic conditions 
of zinc dust distillation might induce alteration of the ring system during formation of 9-methylphenanthrene, 
Exception has been taken to these views by Lettré (Naturwiss., 1942; 30, 34) and Lettré and Fernholz (Z. physiol. 
Chem., 1948, 278, 175), who suggest that structures of type (VI) are incompatible with the oxidation of partially 
hydrolysed N-acetylcolchinol methyl ether to 4-methoxyphthalimide (Windaus, Sitzungsber. Heidelberg. Ahad. 
Wiss., Math.-Nat. Kl. A, 1919, 16 Abh.). This is a valid argument, but we do not regard it as conclusive. 
Much less convincing is the additional argument advanced by Lettré that activity as mitotic poisons shown by 
simple synthetic analogues of (I) contrasts with the biological inactivity of analogues of (VI), and hence indicates 
a colchicine formulation of type (I) rather than type (VI). 

Clearly, the synthesis of 2: 3: 4: 6-and 2: 3.: 4: 7-tetramethoxy-9-methylphenanthrene is important since, 
by identification of orie of these synthetic compounds with deaminocolchinol methyl ether, not only would 
the methoxylation pattern be established, but extensive confirmation would be afforded of the general structural 
features of oe itself. Such evidence, however, would not determine whether the acetamido-group is 
attached to the nucléus (type I) or in the side chain (type VI). We have now synthesised these two tetra- 
methoxymethylphenanthrenes and have found both of them to be different from deaminocolchinol methy| 
ether, for which, accordingly formule (IV) and (V) must be abandoned. Indeed, we have obtained evidence, 
which will be detailed in a further eommunication, that deaminocolchinol methyl ether is not a tetramethoxy-. 
methylphenanthrene at all. 

2: 3:4: 6-Tetramethoxyphenanthrene-9-carboxylic acid was prepared by the Pschorr reaction following 
(and confirming) Sharp’s description (J., 1936, 1234). The acid was converted into the corresponding aldehyde 
by the method of McFadyen and Stevens (J., 1936, 584), viz., 


R-CO,H —> R-CO,Me —-> R-CO-NH-NH, —-> —> R-CHO 


Wolff reduction of this aldehyde gave mainly phenolic products, but Kishner’s procedure (compare Asahina 
and Yasue, Ber., 1936, 69, 2327) gave the required 2 : 3 : 4 : 6-tetramethoxy-9-methylphenanthrene (IV) in good 
yield. ‘ 

Condensation of 2-nitro-3 : 4: 5-trimethoxybenzaldehyde with sodium m-methoxyphenylacetate gave a 
mixture of stereoisomerides consisting chiefly of the required cis-compound (VII) together with a small per- 
centage of the trans-isomeride. On reduction, the latter readily underwent ring-closure to the corresponding 
carbostyril (VIII), and was conveniently removed in this form after reduction of the original mixture. Acid 

. Solutions of diazotised 2-amino-3". 4 : 5-trimethoxy-a-m-methoxyphenylcinnamic acid proved to be stable to heat, 
but in neutral or slightly alkaline solution evolution of nitrogen proceeded smoothly. This led to approxi- 
mately equal amounts of 2:3: 4: 5- and 2:3: 4: 7-tetramethoxyphenanthrene-9-carboxylic acids, which were 
separated by means of their different solubilities in acetic acid. Similar pairs of isomerides have been obtained 
by Pschorr (Amnalen, 1912, 391, 40) and by Rapson and Robinson (J., 1935, 1533) in analogous phenanthrene 
syntheses involving a m-methoxyphenyl nucleus. Even so, it is surprising, in view of the great difficulty of 
formation of 4 : 5-dimethylphenanthrene (see Ann. Reports, 1942, 39, 172), that the 2: 3: 4: 5-tetramethoxy- 
compound should have been formed so readily and to such an extent, when an alternative mode of ring-closure 
(to the 2: 3:4: 7-structure) is possible (see also Pschorr, Joc. cit.). This suggests that some influence other 
than steric factors operates in preventing the formation of 4: 5-dimethylphenanthrene. The two new acids 
were not individually oriented, although this is in progress. They were converted into the tetramethoxy-9- 
methylphenanthrenes by the reactions outlined above for the 2: 3:4: 6-isomeride. Obviously, one of these 
two products has the structure (V). 
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The principal reason why these Pschorr syntheses had not been undertaken at an earlier stage of our in- 
vestigations was the difficulty of obtaining an adequate quantity of 2-nitro-3 : 4 : 5-trimethoxybenzaldehyde 
(Sharp, Joc. cit.; compare Part III). The yield in the nitration of trimethoxybenzaldehyde and its derivatives 
is low and variable (compare Parts II and III). We therefore sought an alternative route to this nitro-aldehyde. 
The reported preparation of methy] 2-nitro-3 : 4 : 5-trimethoxybenzoate in high yield by nitration of methy! 
trimethylgallate (Hamburg, Monatsh., 1898, 19, 599; Bogert and Plaut, 7. Amer. Chem. Soc., 1915, 37, 2727; 
Overmyer, ibid., 1927, 49, 503) suggested a method based on indirect reduction of the nitro-acid. The method 
of McFadyen and Stevens (loc. cit.) is known to be unsuitable for the preparation of nitrobenzaldehydes (com- 
pare Niemann and Hays, J. Amer. Chem. Soc., 1943, 65, 482). However, Reissert (Ber., 1905, 38, 1610), by 
shaking together benzoyl chloride, aqueous potassium cyanide, and quinoline, prepared 1-benzoyl-1 : 2-dihydro- 
quinaldinonitrile (Reissert’s compound) (IX; R = Ph) which on hydrolysis yielded benzaldehyde and quinaldinic 
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acid. Moreover, successful extensions of this method by Woodward (J. Amer. Chem. Soc., 1940, 62, 1626) and 
by Grosheintz and Fischer (ibid., 1941, 68, 2021), although not covering the case of nitrobenzaldehydes, 
emphasised its possibilities, and the 2-nitro-3 : 4: 5-trimethoxybenzaldehyde used in our synthetical experi- 
ments was prepared by a procedure which was essentially that of Grosheintz and Fischer. The method proved 
laborious, largely on account of the quantity of mineral acid required for the final hydrolysis, and the high yields 
claimed in the nitration of methyl trimethylgallate could not be substantiated. Even so, we obtained overall 
yields of the nitro-aldehyde in excess of 20%. y 

It was found also that trimethylgallic acid could be converted into trimethoxybenzaldehyde by this method, 
as also by the method of McFadyen and Stevens. o-Nitrobenzoyl chloride likewise gave a ‘‘ Reissert compound,”’ 
from which o-nitrobenzaldehyde was obtained in good yield. Further experiments by Mr. J. M. Bremner 
showed that m-nitrobenzoyl chloride could be similarly converted into m-nitrobenzaldehyde, but neither 
p-nitrobenzoyl chloride nor 3 : 5-dinitrobenzoyl chloride yielded a ‘‘ Reissert compound”’; the crystalline 
products were not derivatives of quinoline. 3 : 4-Dinitrobenzoyl chloride gave an uncrystallisable gum. 


EXPERIMENTAL, 


1-(3’ : 4’ : 5’-Trimethoxybenzoyl)-1 : 2-dihydroquinaldinonitrile (IX; .R = C,H}(OMe),].—3 : 4: 5-Trimethoxybenzoyl 
chloride (3-5 g.) in benzene (5 c.c.), was added to anhydrous hydrogen cyanide (1 c.c.) in quinoline (5 c.c.) at —10°. After 
16 hours, ether was added and the mixture was washed in turn with water, 5n-sulphuric acid, sodium hydrogen carbonate 
solution, and again with water. Crystals which separated were added to the residue obtained by evaporating the 
ethereal solution and the solid was extracted in two stages with hot ethanol (50’c.c. each). The first extract gave on 
cooling a crop of plates which were filtered off and combined with the solid from the second extraction. The plates, after 
recrystallisation, had m. p. 176—177° (Found: C, 68-8; H, 4-9; N, 82. C,,H,,0,N, requires C, 68-6; H, 5-1; N, 
80%). The mother-liquor from the first extract deposited a second crop of needles which were identified as 3 : 4 : 5- 
trimethoxybenzoic anhydride, probably formed through access of moisture in the early stages of the experiment. 

3: 4: 5-Trimethoxybenzaldehyde was prepared in each of the two following ways and was identified by mixed m. p. 
with a specimen obtained by Rosenmund reduction of the acid chloride (cf. Sharp, /oc. cit.) which appears to be the most 
convenient source of the compound. (a) The powdered nitrile (above) was hydrolysed by prolonged shaking with 
10n-sulphuric acid, followed by gentle warming, extraction of the cooled, filtered solution with ether, and evaporation 
of the solvent. (b) Methyl 3 : 4: 5-trimethoxy oate (17 g.) was refluxed for 2 hours with hydrazine hydrate (18 c.c. ; 
50%) in methanol (30 c.c.). The hydrazide obtained on cooling had m. p. 128—129° and crystallised with a molecule of 
solvent (Found: C, 51-3; H, 6-65. C 4O,N,,CH,O requires.C, 51:2; H, 70%) which was removed by heating at 
100° in a vacuum, the m. p. rising to 168° (Found : C, 53-2; H, 6-2; N, 12-5. C,,H,,0O,N, requires C, 53-1; H, 6-2; N, 
12-4%). The benzenesulphonyl derivative, m. p. 250° (decomp.), was prepared from the hydrazide and benzenesulphonyl 
chloride in pyridine (Found : C, 52-2; H, 4:7; N, 7-6. Cy, VON requires C, 52-5; H, 4-9; N, 7-65%). It (9-3 g.) 
was dissolved in ethylene glycol (94 g.) and sodium carbonate (6-8 g.) was added to the solution heated to 160°. After 
75 seconds, hot water was added, and the mixture was cooled and extracted with ether, from which the aldehyde was 
obtained on evaporation. 

1-(0-Nitrobenzoyl)-1 : 2-dihydroquinaldinonitrile (IX; R = C,H,-NO,).—To a solution of anhydrous hydrogen cyanide 
(3 c.c.) in quinoline (14 g.), protected from moisture at —10°, o-nitrobenzoyl chloride (10 g.) in benzene (10 c.c.) was 
added during 10 minutes. After 12 hours at room temperature, during which some crystals formed, benzene (130 c.c.) 
was added, the resulting mixture was washed successively with water, 5n-sulphuric acid, sodium hydrogen carbonate 
and water, and was then dried and concentrated. The crystalline product had m. p. 173° (from ethanol), yield 80% 
(Found: C, 67-4; H, 3-8; N, 13-5. C,,H,,O,N, requires C, 66-9; H, 3-6; N, 138%). It (1 g.) was hydrolysed by 
boiling for 3 hours in 15n-sulphuric acid (250 c.c.); o-nitrobenzaldehyde, identified by mixed m. p. and formation of its _ 
2 : 4-dinitrophenylhydrazone, was isolated from an ethereal extract of the product after washing with sodium hydrogen 
carbonate solution (yield, 7340) 

1-(m-Nitrobenzoyl)-1 : 2-dihydroquinaldinonitrile (IX; R = C,H,NO,) was prepared by adding a solution of m-nitro- 
benzoyl chloride (6-2 g.) in benzene (15 c.c.) to quinoline (8-5 sem am hydrogen cyanide (8 c.c.) at —8°. The solid which 
separated after 12 hours was augmented hy extracting mother-liquor with ether. It m. p. 171° (from ethanol) 
(Found: C, 66-8; H, 3-5. C,,H,,O,N, requires C, 66-9; H, 3-6%) and was hydrolysed by adding 30n-sulphuric acid 
(125 c.c.) to its suspension (1 g.) in water (125 c.c.) containing a little ‘‘ Aerosol ’’ (a commercial wetting agent consisting 
of dioctyl sodium sulphosuccinate), and heating the mixture for 2 hours. After filtratién through glass wool the solution 
was — with chloroform, the extract washed with bicarbonate solution, and m-nitrobenzaldehyde obtained on 
evaporation. 

When p-nitrobenzoyl chloride was treated in the above fashion the product was a colourless crystalline solid of m. p. 
185° (from chloroform-—ethanol) (Found: C, 55-2; H, 2-4; N, 15-6; M, cryoscopic, in dioxan, 282. C,H,O,N, requires 
C, 54-5; H, 2-3; N, 15-9%; M, 176), but after it had been ascertained that p-nitro ic acid was produced on hydrolysis 
with acid, further examination was discontinued. 

3 : 5-Dinitrobenzoyl chloride, treated in the same way,-gave a em rnee which, when crystallised from ethanol, yielded 
a sparingly soluble fraction consisting of colourless plates, m. p. 276°, probably analogous to the last compound (Found : 
C, 44-2; H, 2-0%), and a more soluble fraction identified by m. p. (9 *) and mixed m. p. as ethyl 3 : 5-dinitrobenzoate, 
probably derived from unreacted acid chloride. 

Methyl 3 : 4 : 5-trimethoxybenzoate, nitrated by Bogert’s method (loc. cit.), or by variants of this method, gave the 
2-nitro-derivative in yields of 50—60%. The nitro-ester was hydrolysed with aqueous-alcoholic potassium hydroxide 
and the resulting acid, after drying, yielded the corresponding acid chloride (90% over-all yield) when treated with thionyl 
chloride foompere Overmyer, /oc. cit.). 

1-(2’-Nitro-3’ : 4" : 5’-trimethoxybenzoyl)-1 : 2-dihydroquinaldinonitrile [IX; R = CsH(NO,)(OMe),].—The above acid 
chloride (75 g.) in dry benzene (200 c.c.) was added in the course of an hour, with shaking and exclusion of moisture, to a 
solution of ydrous hydrogen cyanide (22 c.c.) in redistilled quinoline (75 c.c.) at —5°. After 16 hours at room 
temperature, water was added to the partly talline mixture, which was then en out, with the aid of 200 c.c. of 
chloroform, into ca. 60 c.c. of 5N-sulphuric acid. The product partly separated and. was filtered off. The chloroform 
solution was washed with sulphuric acid, several times with a saturated solution of sodium hydrogen carbonate, again 
with water, dried, and concentrated. The combined solid fractions yielded colourless plates of m, p. 168° (from chloro- 
form-ethanol) in more than 80% yield (Found: C, 60-9; H, 4-4; N, 10-7. C,,H,,0O,N, requires C, 60-75; H, 4-3; N, 
106%). It was hydrolysed by shaking (10 g., finely powdered) for 2} hours with 15n-sulphuric acid (1250 c.c.) at 80—85°. 
Unchanged material (l—2 g.) was filtered off, and the filtrate; which often deposited the product as long colourless needles, 
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was extracted with chloroform from which, after thorough washing with water, sodium hydrogen carbonate solution, and 
again with water, the aldehyde was isolated. 2-Nitro-3 : 4 : 5-trimethoxybenzaldehyde forms colourless si needles 
a m. p. 78°, which rapidly turn yellow on exposure. The yield, allowing for recovered material, was 60—70%. 

2:3: 4: 6-Tetramethoxyphenanthrene-9-aldehyde.—Methyl 2 : 3 : 4 : 6-tetramethoxyphenanthrene-9-carboxylate was pre- 
pared from the corresponding acid (Sharp, Joc. cit.) (3-5 g.) and diazomethane in ether. A specimen, after distillation in 
a high vacuum, was obtained as colourless needles, m. p. 96—97° (Found: C, 67-3; H, 5-4; OMe, 43-9. C,9H,,0, 
requires C, 67-4; H,-5-6; OMe, 43-5%). The crude ester,50% hydrazine hydrate (12 c.c.), and sufficient ethanol to 
give a hot homogeneous solution, were heated under reflux for 4 hours. The hydrazide, which separated on cooling 
(m. p. 190°; Sharp, loc. cit., gives m. p. 191—196°), was dried at 110° and was then dissolved (2-4 g.) in pyridine (25 c.c.), 
and benzenesulphony] chloride (1-2 g.) was added at 0°. After 12 hours the solution was poured into iced dilute hydro- 
chloric acid, and the precipitated solid was collected, washed, and dried at 110°. This benzenesulphonyl derivative, m. p, 
237° (decomp.) (from alcohol—dioxan) (Found : C, 60-7; H, 4-9." C,,H,,0,N,S requires C, 60-5; -H, 4.8%), was dissolved 
(3 g.) in ethylene glycol (40 c.c.) at 160°, anhydrous sodium carbonate was added (1-8 g.) and, after 80 seconds, the reac- 
tion was stopped by addition of warm water (50 c.c.). The cooled solution was extracted with ether, the extract 
dried, concentrated to 50 c.c., filtered, and allowed to evaporate. After two crystallisations from ethanol the residue 
yielded almost pure aldehyde; a sample, distilled in a high vacuum, formed pale cream crystals (from ethanol), and had 
m. p. 119° (Found: C, 69-8; H, 5-5. Cy, H,,0, requires C, 69-9; H, 5-5%). 

2:3:4: 6-Tetramethoxy-9-methylphenanthrene (IV).—The aldehyde (0-2 g.) in ethanol (6 c.c.) and hydrazine hydrate 
(99%; 0-5 c.c.) were heated under geflux for 2 hours; the solvent was removed (finally in a vacuum) and powdered 
potassium hydroxide (0-3 g.) was added to the gummy residue maintained at 120—125° in an oil bath. After 20 minutes, 
the mixture was cooled, water added, and the suspension extracted with ether. The extract was dried, concentrated, 
and the residue distilled in a high vacuum. The solid distillate crystallised in long, colourless needles from hot con- 
centrated solution in methanol, and in shorter, hexagonal crystals, by slow evaporation of a dilute solution; m. p. 108— 
109° (Found: C, 72-8; H, 6-55; OMe, 39-0. C,,H,,O, requires C, 73-1; H, 6-4; OMe, 39-7%). It formed a picrate, 
slender crimson needles, m. p. 115° (from methanol), when concentrated solutions of the components in methanol were 
mixed (Found : C, 55-7; H, 4:45. C,,H,,.0O,,C,H,O,N, requires C, 55-5; H, 4:25%). 

cis- and trans-2-Nitro-3 : 4 : 5-trimethoxy-a-m-methoxyphenylcinnamic Acids (V11).—Sodium m-methoxyphenylacetate 
(8-2 g.) (dried at 130°) was heated with acetic anhydride (80 c.c.) and 2-nitro-3 : 4 : 5-trimethoxybenzaldehyde (10-5 ¢) 
for 8 hours at 120—130°. After addition of water and cautious warming to decompose acetic anhydride, the resulting 
mixture was cooled and thoroughly extracted with ether. The ethereal solution was first washed with limited quantities 
of aqueous sodium carbonate, which removed much of the acetic acid, and was then extracted with alkali. Acidification 
of the alkaline extract yielded a gum which solidified when warmed and rubbed with methanol. Fractionation from 
methanol-—water, assisted by mechanical separation, gave the cis-acid (VII) as main product—compact, diamond-shaped, 
pale yellow crystals, m. p. 139—140°, readily soluble in methanol (Found: C, 58-85; H, 5-0. €.,H,,0,N requires C, 
ie. a 4 igs a small quantity of the less soluble trans-acid, long, pale yellow needles, m. p. 181° (Found: C, 

9-0; H, 4:9%). 

6:7: 8-Trimethoxy-3-(m-methoxyphenyl)carbostyril (VIII).—The trvans-acid (0-3 g.) in concentrated ammonia (6 c.c.) 
was added to a mixture of ferrous sulphate (2 g.), water (6-5 c.c.), and concentrated ammonia (6 c.c.), maintained at 70°. 
After one hour, the filtrate and washings from.the iron hydroxide were acidified and the precipitate was crystallised 
from ethanol, forming nearly colourless plates, m. p. 185—186° (Found: C, 67-0; H, 5-65. C,,H,,O,N requires C, 
66-85; H, 5-6%). : 

2-Amino-3 : 4 : 5-trimethoxy-a-m-methoxyphenylcinnamic Acid.—The crude mixture of nitro-acids (above) was similarly 
reduced; the ammoniacal filtrate was acidified (Congo-red) and the amino-acid was extracted from the precipitate by 
means of aqueous sodium carbonate (the residue consisted of the above carbostyril) and was reprecipitated by acid. It 
formed bright yellow needles of m. p. 162° (from ethanol), identical with a specimen prepared by reducing the pure cis- 
nitro-acid (Found: C, 63-3; H, 5-9. C,.H,,O,N requires C, 63-5; H, 5-85%). 

Isomeric 2:3:4:(5 and 17)-Tetramethoxyphenanthrene-9-carboxylic Acids.—A solution of the amino-acid (14 g,) 
in methanol (70 c.c.) and 5Nn-sulphuric acid (40 c.c.) was treated at 0° with n-sodium nitrite solution (40 c.c.). The 
resulting diazo-solution, after dilution with water (500 c.c.), was neutralised with a concentrated solution of sodium 
carbonate and then warmed at 50° until a coupling test was negative. The cooled solution was acidified, the solid was 
dried and crystallised from hot acetic acid (ca. 110 c.c.), yielding acid-A. This acid, which formed soft, pale yellow 
needles of m. p. 236° after several crystallisations from acetic acid, was used for the later work but had a rather low 
carbon content (Found: C, 66-0; H, 53%); a —. obtained from hydrolysis of the distilled methyl ester (below) 
had the same appearance and m. p. (Found: C, 66-3; H, 5-2. C,,H,,0, requires C, 66-7; H, 5-3%). Dilution of the 
acetic mother-liquor from acid-A. gave the crude acid-B, which was at first obtained as colourless, highly refractive 
needles of m. p. 162—163° from methanol—water, but in later experiments these were in by massed prisms of 
m. p. 185° and the original samples then acquired the higher value (Found: C, 66-6; H, 5-55. C,,H,,O, requires C, 
66-7; H, 5-3%).* 

2:3:4: é (Aldehyde-A).—By methods similar to those described for the 
isomeric 2 : 3 : 4: 6-compound, the methyl ester of the acid-A, obtained from the acid and diazomethane in ether as cream- 
coloured needles of m. p. 103° (from methanol) (Found: C, 67-2; H, 5-7; OMe, 43-1. C,,H,,O, requires C, 67-4; H, 
5-6; OMe, 43-5%), was converted into the hydrazide, lustrous plates of m. p. 199° (from ethanol) (Found: N, 7:9. 
C,,H.,O,N, requires N, 7-9%), and thence into the benzenesulphonhydrazide, m. p. 250° (from dioxan-ethanol) (Found : 
C, 60-9; H, 4:9. C,,H,,0O,N,S requires C, 60-5; H, 4-8%). This last compound (3 g., dried at 110°) in ethylene glycol 
(50 c.c.) at 160° was treated with anhydrous sodjum carbonate (1-8 g.) in the usual way and the aldehyde, extracted with 
ether, was distilled in a high vacuum (slight decomp.). It formed bright yellow needles, m. p. 134—135° (from methanol) 
(Found: C, 67-0; H, 5-6. C,,H,,0, requires C, 69-9; H, 5-5%).. 

2:3: 4: (5 or 7)-Tetramethoxy-9-methylphenanthrene (A).—Aldehyde-A (0-2 g.) was heated with hydrazine hydrate 
(99%, 0-5 c.c.) and ethanol (6 c.c.) for 24 hours. The crystalline residue obtained on removal of the solvent was dried, 
heated to 120°, and mixed with powdered potassium hydroxide (0-3 &. Gas evolution, initially rapid, abated after 10 
minutes, and the mixture was then cooled, shaken with water, and the whole extracted with ether, an insoluble yellow 
solid being discarded. The dried, concentrated extract was distilled in a high vacuum, and the solid distillate crystallised 
from methanol, yielding colourless plates of m. p. 116—117° (Found: C, 72-9; H, 6-5; OMe, 40-5. C,,H,,0, requires 
C, 73-1; H, 6-4; OMe, 39-7%). <A picrate, crimson needles, m. p. 150°, was obtained from the components in methanol 
(Found : C, 55-6; H, 4-4. requires C, 55:0; H, 426%). 

2:3:4:(7 or 5)-Tetramethoxyphenanthrene-9 hyde (Aldehyde-B).—Acid-B with diazomethane in ether yielded a 


* (Added in proof, July 24th.\ Experiments carried out by Mr. N. Barton have shown that the “A series”’ has the 
. : 3:4: 7-tetramethoxy-structure, o the “‘B series” has the 2:3:4:5-structure. Details of this work will be reported 
ter. 
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gummy methyl ester which was converted directly into the hydrazide, m. p: 182° (Found : C, 64:3; H, 5-5. CH O,N, 
requires C, 64-0; H, 5-6%), and benzenesulphonhydrazide, m. p. 232° (with gas -evolution) (from dioxan-ethanol) 
(Found: N, 5-65. C,;H,,O,N,S requires N, 5-6%), by the methods already described. The aldehyde, obtained in the 
usual way, formed a gum which solidified when rubbed with benzene and was crystallised from a small quantity of 
methanol in which there was a tendency to supersaturate. A sample, after vacuum distillation, formed yellow needles, 
m. p. 92° (from methanol) (Found: C, 70-1; H, 5-55. C,,H,,0, requires C, 69-9; H, 5-5%). ; 

2:3:4: (7 or 5)-Tetramethoxy-9-methylphenanthrene (B) -was obtained from the aldehyde-B in the usual way. After . 
distillation it was obtained as a gum which readily crystallised from a small quantity of methanol when seeded, but showed 
a very strong tendency to supersaturate. It formed colourless, pointed slabs of m. p. 102° (Found: C, 73-1; H, 6-4; 
OMe, 40-5. ‘Cy9H.,O, requires C, 73-1; H, 6-4; OMe, 39-7%) and gave a picrate, crimson needles of m. p. 135° (from 
methanol) (Found : 55-7; H, 4:45. C4 9H, 0,,C,H,O,N, requires C, 55-5; H, 4-25%). 

Deaminocolchinol methyl ether was prepared from colchinol methyl ether by Hofmann degradation (Windaus and 
Schiele, Annalen, 1924, 439, 71). On slow heating it melted at 100—102°, resolidified in crystalline form at 103—105°, 


and finally melted at 111—112°. Mixed m. p. determinations with all three synthetic tetramethoxy-9-methylphen- 
anthrenes showed marked depressions. 


We are indebted to the Carnegie Trust for the Universities of Scotland for the award of a ae ee g to (G. L. B.), 
and to the Chemical Society for a grant from the Research Fund. The microanalyses recorded in this and the preceding 
paper were carried out by Mr. J. M. L. Cameron. 
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88. The Condensation of Chrysene with Succinic Anhydride. 


By J. W. Cook and WALTER GRAHAM. 


The product obtained by condensation of chrysene with succinic anhydride by means of aluminium chloride 
in nitrobenzene solution has been shown to be £-(4- or 5-chrysenoyl) propionic acid (II). Through the stages 
leading to a new fused benzene ring it has been converted into 1 : 2-(2’ : 3’-naphtha)phenanthrene (III). 


By the Friedel-Craffs reaction between chrysene and succinic anhydride in benzene solution, Beyer (Ber., 
1938, 71, 915) obtained a keto-acid, m. p. 197—198°, to which he attributed the structure of 8-(2-chrysenoyl)- 
propionic acid. Reduction to the butyric acid followed by cyclisation gave 1’-keto-1’ : 2’ : 3’ : 4’-tetrahydro- 
1 : 2-benzchrysene (I), and the anomalous behaviour of the carbony] group in this pentacyclic ketone is in accord 
with the hindered structure assigned to it. Beyer found that Clemmensen reduction of the ketone gave the 
corresponding hydroxy-compound, and we have obtained this as the only crystalline product when the reduction 
was carried out with hydrazine hydrate in alcoholic sodium ethoxide at 200° (compare Kon and Soper, J., 
1940, 1335). We were unable to convert this carbinol into 1 : 2 : 3 : 4-dibenzphenanthrene. 

When the Friedel-Crafts reaction between chrysene and succinic anhydride was carried out in nitrobenzene 
solution, Beyer obtained an isomeric keto-acid, m. p. 221—223°, which he regarded provisionally as 6-(1- 
chrysenoyl)propionic acid. Funke and Miiller (J. pr. Chem., 1936, 144, 242) had obtained, from chrysene, 
acetyl chloride, and aluminium chloride in carbon disulphide solution, two acetylchrysenes, one of which has 
been shown to be 2-acetylchrysene (see Newman and Cathcart, J. Org. Chem., 1940, 5, 618). The other is not 
l-acetylchrysene, as Funke and Miiller supposed, for the ethylchrysene which it gave on reduction is different 
from synthetic l-ethylchrysene (Newman, J. Amer. Chem. Soc., 1940, 62, 873). Moreover, it is well known 
that in Friedel-Crafts reactions with phenanthrene in nitrobenzene solution the substituent enters a 8-position 
of a side ring. Hence we considered it more likely that Beyer’s chrysenoylpropionic acid, m.*p. 221°, was the 
4-or the 5-compound (II). Wehave confirmed this by converting it into the 1 : 2-(2’ : 3’-naphtha)phenanthrene 
(III) of Clar (Ber., 1929, 62, 350, 1574; compare Cook, Hieger, Kennaway, and Mayneord, Proc. Roy. Soc., 
1932, B, 111, 465). The non-formation of picene (3 : 4-benzchrysene) in this synthesis makes position 5 more 
probable for the substituent in thle chrysenoylpropionic acid. 


WY\F KA? ‘ 
(I.) (II.) _ (IL) 


EXPERIMENTAL. 


_B-(4- or 5-Chrysenoyl)propionic Acid (I1).—A solution of anhydrous aluminium chloride (13-3 g.) in nitrobenzene 
(75 c.c.) was added to a stirred suspension of c ne (11-4 g.) and succinic anhydride (5 g.), both finely powdered, in 
nitrobenzene (100 c.c.). Stirring was continued for 6 hours at 20°. After being kept overnight the dark red sdlution 
was poured on ice and hydrochloric acid, and the nitrobenzene removed in steam. The residue, washed with a little 
ether, was extracted with hot sodium carbonate solution and filtered from unreacted chrysene (6-5 g.)., Acidification of 
the filtrate gave a grey precipitate which was dried, washed with boiling ether, and then extracted with boiling benzene. 
The solid which separated from the cold benzene extract was twice recrystallised from acetic acid (charcoal) and gave 
B-(4- or 5-chrysenoyl)propionic acid (0-9 g.) as pale yellow plates, m. p. ‘218—221°. When the amounts of succinic 
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anhydride and aluminium chloride were increased by 25% and 12-5%, respectively, and the reaction carried out at 
30°, the yield was increased to 1-5 g:_ A lower yield was obtained at 45°, and an inseparable mixture of acids at 0°. 

By concentration of the benzene liquors, followed by fractional crystallisation of the residue from acetic acid, there 
was obtained a small amount of 3-(0-casverbevtenentanie acid, m. p. 192—194°. 

Reduction of £-(4- or 5-chrysenoyl)propionic acid (2 g.) by Martin’s modification (J. Amer. Chem. Soc., 1936, 58 
1438) = a method gave y-(4- or 5-chrysenyl)butyric acid (1-5 g.), m. p. 210-5—212-5° (Beyer, loc. cit., gives 
m. p. 213—214°). 

5% or 8’4Keto-5' : 6’ : 7’ : 8’-tetrahydro-1 : 2-(2’ : 3'-naphtha)phenanthrene.—Phosphorus (0-75 g.) was 
added gradually, with shaking, to a suspension of the aforesaid butyric acid (1 g.) in dry benzene (10 c.c.). After an 
hour a clear solution of the acid chloride was formed, and a solution of stannic chloride (0-5 c.c.) in benzene (2 c.c.) was 
then added. After being kept for 20 hours at room temperature, with occasional shaking, the tin complex was decom- 
posed with ice and hydrochloric acid, the benzene was removed in steam, and the suspended solid was extracted with 
, so¢ um carbonate solution and then crystallised from acetic acid (charcoal). The games are ketone (0-75 g.) formed 
° pale yellow plates which decom above 275° (Found: C, 89-1; H, 5-4. H,,.O0 requires C, 89-2; H, 5-4%). 

5°: 6’: 7’ : 8’-Tetrahydro-1 : 2-(2’ : 3’-naphtha)phenanthrene.—The foregoing ketone (0-25 g.) was heated in a sealed 

tube at 200° for 18 hours with alcoholic sodium ethoxide (from 0-5 g. of sodium and 11 c.c. of alcohol) and 99% hydrazine 

hydrate (1 c.c.). The pale yellow solid was collected and extracted 4 times with boiling alcohol (portions of 40 c.c.), 

¢ yellow insoluble residue, probably an azine, could not be crystallised. Concentration of the alcoholic extract gave 

the hydrocarbon (0-45 g. from 0:8 g. of aoe which formed colourless plates (from alcohol), m. p. 217—-218° (Found: 

~ C, 93-5; H, 63. C,,H,, requires C, 93-6; H, 6-4%). Dehydrogenation of this hydrocarbon (0-2 g.) was effected by 
heating at 300° for 3 hours with palladium black (20 mg.) in an evacuated sealed tube. Unchanged material was 
extracted with boiling alcohol, and the residual solid was recrystallised several times from xylene. The resulting yellowish 
leaflets had m. p. 292—294°, alone or mixed with a specimen of 1 : 2-(2’ : 3’-naphtha)phenanthrene prepared from 
phenanthrene (Cook et al., loc. cit.). To complete the identification the 2 : ae en complex was prepared 

from It formed maroon-coloured microscopic needles, m. p. 278—-279° (Found: N, 4:9. C3gH.,.0,N, 
requires N, 4-9%). 


This work was carried out during the tenure of a scholarship awarded (to W. G.) by the Carnegie Trust for the 
Universities of Scotland. 
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89. The Action of Aluminium Chloride on Some Phenyl Ethers. 
By G. BADDELEY. 
lation of the phenol nucleus is shown to be bree p aye in the p-position in the presence of aluminium 


The 
i. chloride, whereas that of the phenol homologues is directed by the alkyl groups present in the nucleus. Ethyl- 
> ation occurs more readily than methylation and the products of the former are very readily isomerised. 


ANISOLE and a molecular proportion of aluminium chloride form an oxonium complex, which decomposes 


+ - 
above 40° with the evolution of methyl chloride, C,H,-O(Me),AIC], —-> C,H,-O-AICl, + MeCl, and phenol is 
obtained quantitatively after 2 hours at 100°. Hydrogen chloride is evolved when two molecules of the 
chloride are used and, after an hour at 100°, phenol (68%), p-cresol (16%), o-4-xylenol (8%), and hemimelli- 
thenol (5%) are formed on the addition of ice. The methylating agent is probably MeCl,AICl, and the form- 
ation of p- to'the exclusion of o-cresol indicates the magnitude of the inductive effect of the oxyaluminochloride 
group. Similarly, a mixture of phenol, diethyl ether, and excess of aluminium chloride furnishes -ethy)- 
phenol (15%) and no o-isomeride after 3 hours at 100°, Table I shows the effect of various amounts of reagent 
i at 100° on p-tolyl methyl ether, and Table II summarises the action of reagent (1-1 mols.) at 100° on the methy] 
ethers of several phenols and indicates that, as must be expected, nuclear-attached alkyl groups retard the 
decomposition of the oxonium complex and produce a more reactive nucleus towards electrophilic attack. 


TABLE I. 


4 Mols. AICl,. Unchanged methyl ether, %. p-Cresol, %. o-4-Xylenol, %. Hemimellithenol, %. 
0-5 50 50 — _ 
1-25 — 40 40 10 


2-0 | — 30 40 20 


TABLE ITI. 


Reaction 
Methy] ether of— time (hrs.). ; Products. 
002.000 000050 2 Phenol (95%) 
«00090 ‘3 m-Cresol (80%) + 04-xylenol (15%) 
mM-5-Kylenol  ....sesseceesseeee 5 ‘m-5-Xylenol (70%) + hemimellithenol (20%) and higher homologues (10%) 


The methylation of p-tolyloxyaluminium chloride is directed by the nuclear-attached methyl group (the 


electromeric effect of the oxygen atom being suppressed by its oxonium condition : Ar-O-AlCl,,Ar-O:AlC),) 
and this is in accord with the isomerisation of o-tolyl methyl ether to p-xylenol (38%), contaminated with 
some 0-3-xylenol, and iso--cumenol (24%). The formation of the last has limited theoretical significance, 
since trimethylphenols can isomerise under the conditions of the experiment (J., 1943, 528); this does not 
apply to the cresols and xylenols. Again, p-tolyl ethyl ether, heated with excess of the reagent at 100° fora 
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few minutes, produces 2-ethyl- (27%) and 2: 6-diethyl-p-cresol (18%); these two products (26% and 31% 
respectively) are also obtained by the action of ethyl bromide and aluminium chloride at 20° for 3 days. A 
similar treatment of 4-ethylphenol with methyl bromide yields some 6-ethyl-m-cresol. 
’ The same phenol homologues are formed by the methylation of p- and m-cresols respectively. A mixture 
of equal amounts of their methyl ethers reacts vigorously for a few minutes at 125° with excess of aluminium 
chloride and the cresol fraction, after separation from o-4-xylenol and higher homologues, contains m- (54%) 
and p-cresol (46%). The interconversion of these cresols (loc. cit.) under these conditions is not appreciable 
and the methylation of p-tolyloxyaluminium chloride must be at least as ready as that of the m-isomeride. 
The investigation of the ethylation of phenol and its homologues is complicated by the ready isomeris- 
ation of those homologues containing an ethyl group (/oc. cit.). As shown above, ethylation under the mildest 
conditions gives products which correspond to those obtained on methylation, but, ¢.g., the more vigorous 
ethylation of phenol by diethyl ether and aluminium chloride produces 3 : 5-diethylphenol (Jannasch and 
Rathjen, Ber., 1899, 32, 2392). The products of the ethylation of p-cresol by the same reagents are shown 
in Table III, which indicates that the 5-ethyl-m-cresol is probably formed by the isomerisation of 2-ethyl-p- 
cresol. 


III. 

Ethylation of p-cresol by diethyl ether (1 mol.) and aluminium chloride (5 mols.). 
Temp. Time (hrs.). 2-Ethyl-p-cresol, %. 5-Ethyl-m-cresol,%. 
75—80° 4 9 

80 48 _—_. 45 
100 . 10 18 
100 3-5 40 


Similarly, the 5-ethyl-m-cresol (38%) obtained by the ethylation of m-cresol at 100° for 30 hours is prob- 
ably derived from the 6-isomeride. The ethylated cresols from both p- and m-cresol and diethyl ether are 
accompanied by an equal amount of alkali-insoluble substances (b. p. 138°/20 mm.), which are being 
investigated. 

Alkylation occurs in the o-position to the oxyaluminochloride group only when the p- and both m-positions 
are occupied by alkyl groups, and the reactions of phenoxyaluminium chloride and its homologues with alkyl- 
ating agents, brominating agents (J., 1943, 525), and aluminium chloride (loc. cit.) show a close resemblance 
to one another; the reactions with acylating agents are now shown to be due to a more vigorous electrophilic 
attack. . 

The optimum yield of p-hydroxy-ketone is obtained when the phenyl ester is rearranged at the lowest 
temperature compatible with a useful rate of reaction (Rosenmund and Schnurr, Amnalen, 1928, 460, 56) ; 
again, under identical conditions, phenyl benzoate, owing to its much slower isomerisation (due to the meso- 
meric effect of the phenyl group), affords more p-hydroxy-ketone than does the corresponding acetate (95 
and 50% respectively). The attack of m-4-xylenyl methyl ether by acid chlorides can be directed by the 
methyl groups (Auwers, Ber., 1928, 61, 1495; Amnnalen, 1928, 464, 293) ; an excess of aluminium chloride ensures 
the oxonium condition of the ether oxygen atom, and benzoyl chloride provides more m-methoxy-ketone than 
does acetyl chloride. The action of nitrobenzene on the Fries rearrangement and on the Friedel-Crafts reaction 
is explained in a later communication. . 

These researches originated in a suggestion that the m-alkylation of an alkyl-benzene is due, at least in 
part, to the isomerisation of the product of p-substitution (Kenner, J. Soc. Chem. Ind., 1933, 42,470). This 
suggestion was subsequently substantiated (Kenner and Baddeley, J., 1935, 307). 


EXPERIMENTAL. 


In the following yp meme pe the resulting phenol homologues were identified by their melting points and mixed 
melting points and/or those of their p-nitrobenzoates. 

(1) Anisole (22 g.) was heated with aluminium chloride (56 g., 2 mols.) at 100° for an hour. The product was poured 
on ice and extracted with ether, the extract shaken with dilute caustic soda solution and dried (calcium chloride), and 
the ether removed. The solid residue (1-5 &) crystallised from light a (b. p. 60—80°) in colourless prisms 
(m. p. 125°), and was soluble in hot alkali and reprecipitated by acid. ese properties are those of pentamethylphenol 
(Hofmann, Ber., 1885, 18, 1826). The caustic soda washings were acidified with dilute sulphuric acid, an ethereal extract 
of them dried (calcium chloride), and the residue, after removal of the ether, fractionally distilled under reduced pressure 
(20 mm.) : phenol (b. p. 80—85°, 13-5 g.), p-cresol (b. p. 100—105°, 3-0 g.), o-4-xylenol (b. p. 120—125°, 2-0 g.), and - 
hemimellithenol (m. p. 109°, 1-5 g.) were obtained. 

(2) Phenol (25 g.), diethyl ether (25 g., 1-27 mols.), and aluminium chloride (100 g., 2-8 mols.) were heated at 100° 
for 3 hours. The product was treated in the manner described in (1) and phenol (18 g.), p-ethylphenol (4 g.), and an 
unidentified residue (5 g.) were obtained. 

(3) p-Tolyl methy] ether (36 g.), heated with aluminium chloride (20 g., 0-5 mol.) at 100° for 2-75 hours, gave p-cresol 
(19 ; and its methyl ether (14 g.). 

t p-Tolyl methyl ether (10 g.) and the reagent (15 g., 1-25 mols.), heated at 100° for 3 hours, produced p-cresol 
(3-5 g.), o-4-xylenol (4-0 g.), and hemimellithenol (1-0 g.). 

(5) p-Tolyl methyl ether (26 g.) and the reagent (56 g., 2 mols,), heated at 100° for an hour, yielded p-cresol (8 g.), 
o-4-xylenol (9-5 g.), hemimellithenol (5 g), and a substance (m. p. 125°, 2 g.) which was soluble in dilute caustic soda 
solution only on warming and was probably pentamethylphenol. 

(6) Anisole (10 g.) and aluminium chloride (14 g., 1-1 mols.) were carefully mixed together at 20°; no gas evolution 
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occurred and.long colourless needles were obtained. The evolution of methyl chloride was complete after 2 hours at 
100° and phenol (8 g.) was obtained. 

(7) m-Tolyl mall ether (25 g.) and the reagent (31 g., 1-1 mols.) no longer evolved gases after 2-5 hours at 100° 
and m-cresol (17 g.) and o-4-xylenol (4 g.) were obtained. 

(8) m-5-Xylyl methyl ether (16 g.) and the reagent (18 g., 1-1 mols.) no longer evolved gases after 5 hours at 100° 
and provided m-5-xylenol (10-5 g.), hemimellithenoi (3 g.), and the above-mentioned product (2 g.), m. p. 125°. 

(9) o-Tolyl methyl ether (49 g.) and the reagent (120 g.) were heated on the steam-bath for 4 hours. After pouring 
on ice, the components of the product were separated by repeated fractional N Geen under 15 mm., o-cresol (b. p. 
85—90°, 10 g.), p-xylenol together with some o-3- -xylenol (b. p. 100—105°, 19 g.), iso-y-cumenol (b. p. 120—125°, 13 g.), 
and residue ‘6 g.) being obtained. The o-3-xylenol in the p-xylenol fraction was identified by its p-nitrobenzoate. 

(10) The evolution of hydrcgen chloride from a mixture of p-tolyl ethyl ether and the reagent (95 g., 2 mols.) was 
complete after 10 minutes at 1(10°. -Cresol (b. p. 95—100°, 17 g.), 2-ethyl-p-cresol (b. p. 130—135°, 13 g.), and 2 : 6- 
diethyl-p-cresol (b. p. 150°, 10 ¢.) were obtained on fractionation at 20 mm. 

(11) p-Cresol (33 g.), ethyl bromide (33 g.), and aluminium chloride (84 g.) were kept at room temperature for 3 days. 
a (18 g.), 2-ethyl-p-cresol (11 g.), 2 : 6-diethyl-p-cresol (13 g.), and residue (3 g.) were obtained. 

(12) A mixture of p-ethylphenol (75 g.), methyl bromide (40 c c.), and aluminium chloride (230 g.) was kept at room 
temperature for 2 days and then warmed on the steam-bath for 5 minutes. A yellow precipitate, insoluble in ether, 
was formed when the product was poured on ice. The ether-soluble material was dried (calcium chloride) and frac- 
tionally distilled at 20mm. Phenol (b. p. 80—85°, 8 g.), p-ethylphenol:(b. p. 115—-120°, 33 g.), 6-ethyl-m-cresol (b. p 
130—135°, 7 g.), a product which gave no solid Pas and was not identified (b. p. 140—145°, 10 g.), <a 
residue (3 g.) were obtained. 

(13) p-Tolyl methyl ether (24-5 g.), m-tolyl methyl ether (24-5 g.), and aluminium chloride (112 g.) were placed 
in an oil-bath at 130°; after 5 minutes, the evolution of hydrogen chloride being nearly complete, the mixture was 
rapidly cooled. The cresol fraction (b. p. 198—202°, 14-3 8} was separated from higher-boiling homologues by fractional 
. distillation and found by quantitative analysis (J., 1943, 528) to contain 54% of m- and 46% of p-cresol. 

(14) p-Cresol (54 g.), diethyl ether (37 g., 1 mol.), and aluminium chloride (210 g., 5 mols.), heated at 75—80° for 
4 hours, yielded only p-cresol and 2-ethyl-p-cresol (b. p. 132—135°/20 mm., 6 g.). When a similar mixture was heated 
at 80° for 48 hours, 5-ethyl-m-cresol (b. p. 130°/20 mm., 30 g.) and an alkali-insoluble fraction (b. p. 140°/20 mm., 32 ¢.) 
were obtained. The latter fraction, which readily decolorises bromine water and permanganate and remains unchanged 
when refluxed for 5 hours with hydriodic acid (d 1-7), is being investigated. 

When a similar reaction mixture was heated at 100° for 1-6 hours, the alkali-soluble fraction consisted of p-cresol 
and 2-ethyl-p-cresol (12 g.). The further addition of aluminium chloride to the hot reaction mixture quickened the 
liberation of hydrogen chloride and augmented the yield of the alkali-insoluble fraction. 

When the reaction mixture was heated at 100° for 3-5 hours, p-cresol (8 g.), 5-ethyl-m-cresol (27 g.), and an unidenti- 
fied fraction (b. p. 138—140°/20 mm., 15 g.) were obtained. 

(15) m-Cresol (27 g.), diethyl ether (25 c.c.), and aluminium chloride (105 g.), heated at 100° for 30 hours, produced 
5-ethyl-m-cresol (13 g.) and an alkali-insoluble fraction (b. p. 138—140°/20 mm., 18 g.). 


+ 2 : 6-Diethyl-p-cresol, obtained by the Clemmensen reduction of 4-hydroxy-2 : 6-diethylbenzaldehyde (Jannasch 
* and Rathjen, Ber., 1899, 32, 2393), crystallised from light petroleum (b. p. 60—80°) in needles m. p. 59° (Found : C, 
1 80-3; H, 10-0. C,,H,,0 requires C, 80-5; H, 9-7%). 

Shy 6-Ethyl-m-cresol, b. p. 134° Lon mm., was obtained by the Clemmensen reduction of 4-hydroxy-2-methylacetophenone. 
, 2-Ethyl-p-cresol.—5-Methoxy-2 -methylphenylmagnesium bromide reacted with ethyl sulphate to give a~poor yield 


of earl methyl ether, b. p. 105°/20 mm., which was demethylated with hydriodic acid. 
4-Ethyl-m-cresol was obtained by the Clemmensen reduction of S-epdrtniy-4-<natxylacsbophenine. 


Table for the identification of phenol and its homologues. 


p. % N found. % N ‘calc. 
80° 42° 129° 5-8 5-8 
ese ses 92 30 94 5-6 5-45 
m- ,, 101 12 87 5-5 
c-3- Kylenol.. 114 75 104-5 5-3 5-2 
o-4- ,, 125 63 128 5-3 
m-2- ,, qi 104 49 99 5:35 
m-4- ,, cesses 110 26 113 5-3 
p- m 110 74 88 5-3 
‘i o-Ethylphenol eee 101 57 5-2 
m- jo nigh 120 68 5-2 
p- no 120 47 80 5-25 ji 
4-Ethyl-m-cresol 111 45 88 5-0 4:9 
5-Ethyl-m- ,, 130 54 84 5-0 én 
6-Ethyl-m- ,, pas 134 116 5-0 
2-Ethyl-p- _,, 134 116 4-9 
3-Ethyl-p-_,, 111 98 5-0 


3: 5-Diethylphenol 140 77 
2 : 6-Diethyl-p-cresol 151 59 
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90. Separation of Methylated Methylglycosides by Adsorption on Alumina. A New 
Method for End-growp Determinations in Methylated Polysaccharides. 
By J. K. N. Jongs. 


The quantitative separation of tetramethyl methylglucosides from trimethyl methylglucosides by adsorption 
on activated alumina from solution in ether-light petroleum has been achieved. This provides a new and rapid 
method for the determination of the end groups in methylated polysaccharides. By this means the repeating 
units of methylated banana and rice starch have been demonstrated to be 26 and 33 units respectively, in 

_ close agreement with determinations ete oe made by fractional distillation methods (Hawkins, Jones, 
and Young, J., 1940, 390; Hirst and Young, J., 1939, 1471). The partial separation of trimethyl methyl-/- 
arabofuranoside and trimethyl methyl-d-xylopyranoside has also been accomplished. 


Tue complete separation of fully methylated sugars from partially methylated sugars has always been a 
troublesome operation, especially when one of the components is present in small amount only. From 
theoretical considerations it seems that the separation of methylated sugars by adsorption on some basic 
material should be a relatively simple matter. An examination of the possibility of separating tetramethyl 
methylglucoside and trimethyl methylglucoside by means of activated alumina (chromatographic adsorp- 
tion) has demonstrated that these sugars may be separated with relative ease, and that tetramethyl methyl- 
glucoside in quantities of about 150 mg. may be recovered in a yield of 94% when admixed with 20 times 
the quantity of trimethyl methylglucoside. Some separation of the «- and the 8-forms of the methylglucosides 
can also be effected, the 8-form being less strongly adsorbed in both cases. 

This new technique was applied to determine the nature of the repeating unit of methylated banana starch 
and methylated rice starch. The results, 33 glucose residues per repeating unit in rice starch and 26 in banana 
starch, are in close agreement with those reported previously (31 residues and 26 residues respectively). 

The samples of methylated derivatives used were from material prepared by Hawkins, Jones, and Young 
(loc. cit.) and Hirst and Young (loc. cit.), who kindly supplied the sample of methylated rice starch. A direct 
comparison was, therefore, possible between the results obtained by the new method and those established 
by fractional distillation procedure. The use of the new technique enables the repeating unit to be deter- 
mined on smaller quantities of methylated polysaccharides. 

The method is useful for separating the components of constant-boiling mixtures. For example, a frac- 
tion obtained from the distillation of the glycosides from the hydrolysis of methylated damson gum (see Hirst 
and Jones, J., 1938, 1178; 1939, 1482; Hirst, J., 1942, 70) and which contained trimethyl methyl-/-arabo- 
furanoside and trimethyl methyl-d-xylopyranoside resisted all attempts at fractionation by the distillation 
technique. Chromatographic analysis of this fraction on alumina, however, proved that it was a mixture, ~ 
and some separation of arabinose and xylose derivatives was achieved, but the separation was complicated 
by the fact that the «- and the 6-glycosides of the two sugars were also separated. 

The method shows promise also for the fractionation of methylated polysaccharides (see below), but further 


work on the possibilities opened up by this technique as applied to carbohydrate chemistry must await a 
more opportune moment. 


EXPERIMENTAL. 


All the solvents used were first stirred with activated alumina, filtered, and distilled. A mixture of trimethyl 
methylglucoside (3-0 g.) and tetramethyl methylglucoside (150 mg., n}€° 1-4430) was dissolved in a mixed solvent con- 
sisting of ether (25 c.c.) and light petroleum (b. p. 60—80°) (25 c.c.). The solution was filtered through a éolumn of 
alumina (15 cm. x 2 cm.) (Peter Spence and Sons, Ltd., Widnes; Grade 100/200 Birlec type) and the chromatogram 
was developed with ether-—light petroleum (b. p. 60—80°) (2: 1 mixture by vol.). The filtrate was collected in 20 c.c. 
fractions, which were evaporated on the water-bath. The following products were collected : (1) 3 Mg., yellow impurity. 
(2) 142 Mg. of a syrup—tetramethyl methylglucoside (yield, 94%), n}®° 1-4426 (Found : OMe, 61-4. Calc. for Cy,H4,O, : 
After hydrolysis with boiling acid, this gave crystalline tetramethyl glucopyranose 
yield, 

The third portion of eluate consisted of solvent only, but the following portion contained (3) 174 — trimethyl 
B-methylglucoside, m. p. and mixed m. p. with an authentic sample, 60°, [a]??” — 34° (c, 1-2 in water). e remainder 
of the trimethyl methylglucoside was eluted with methylalcohol. — 

Estimation of the Repeating Unit of Disaggregated Rice Starch.—Rice starch (Fraction 3, Hirst and Young, Joc. cit., 
p. 1481) (3 g.) was boiled with 1-7% methyl-alcoholic hydrogen chloride (50 c.c.) for 15 hours. The solution was neutral- 
ised with silver carbonate and worked up in the usual manner. The resulting syrup (3-4 g.) was extracted three times 
with ether to eliminate as much dimethyl methylglucoside as possible and the extracts were evaporated to a syrup. 
The syrup was dissolved in ether (2 parts) and light petroleum (b. p. 60—80°) (3 parts) (60 c.c. in all) and chromato- 
graphed on alumina, the column being washed through portionwise, with more of the ether—light petroleum mixture. 
This — achieved a partial separation only and gave, after evapotation of the solvents, two fractions (A) and 
(B). Fraction (A) contained tetramethyl methylglucoside admixed with trimethyl methylglucoside. Fraction (B) 
contained no tetramethyl methylglucoside, since it had a high refractive index, n??* 1-4570, and a low methoxyl value 
(Found: OMe, 50-4%. Calc. for gO, : OMe, 52-6%). It was not further investigated. 

Syrup (A) was dissolved in ether—light petroleum (b. p. 60—80°) (1:1); the solution was passed into a column of 
alumina (as described above) and elution was carried out with 20 c.c. portions of ether—light petroleum (1:1). The 
following fractions were obtained : a 

Fraction I. 7 Mg. of a yellow oil with a pungent odour; n}$° 1-4900. 

Fraction II. 105 e of tetramethyl methylglucoside, n}®* 1-4449, [a]? + 133° (c, 1-0 in water) (Found: OMe, 
61-7. Calc. for C,,H,,0,: OMe, 62-0%). On hydrolysis with 2n-hydrochloric atid, this gave tetramethylgluco- 
pyranose, isolated in 91% yield, m. p. 94° (Found: OMe, 52-8., Calc. for CygHO,: OMe, 52-6%). 

Fraction III, 222 Mg. of trimethy] 8-methylglucoside, m. p. 59°, n}§* 1-4534 (supercooled), [a]??" — 34° (c, 0-9 in water). 
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_ solvent gave fraction IV, 0-5 g., [a]f” + 2-2° (c, 2-1 in methyl alcohol) (Found: OMe, 418%). The data for these 
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The yield of tetramethyl methylglucoside was 3-0% of the weight of mixed methylglucosides obtained on hydrolysis, 
corresponding to a chain length of 35 glucose residues. If, however, allowance is e for a loss of 6% of tetramethy| 
methylglucoside during recovery, the yield becomes 3-2%, corresponding to 33 glucose residues in the repeating unit. 

Estimation of the oo Unit of Banana Starch.—The methylated starch was part of a fraction described by 
Hawkins, Jones, and Young (loc. cit., p. 393) and designated fraction E by them. e methylated polysaccharide 
(4-0 g.) was boiled with 1% methyl-alcoholic hydrogen chloride (100 c.c.) for 16 hours. The neutralised solution was 
evaporated, the syrupy residue (4°55 g.) extracted twice with light petroleum (b. p. 40—60°) (25 c.c.), and the solution 
passed through a column. of alumina which had been previously wetted with light petroleum. The column was eluted 
with ether and the filtrate, on evaporation, gave a syrup (1-976 g.). This syrup was dissolved in ether (25 c.c.)—light 
petroleum (b. p. 60—80°) (25 c.c.), and the solution passed through a column of alumina (see above). The alumina 
was eluted with ether-light petroleum (b. p. 60—80°) (2:1), and the eluate collected in 20 c.c. fractions. These on 
evaporation gave : 

Fraction I. 14 Mg. of a yellow oil with a pungent odour, n}¥* 1-4985. 

Fraction II. 114 Mg. of tetramethyl methylglucoside, ni®* 1-4424, [a]? + 34° (c, 1-0 in water) (Found: OMe, 
62-3. Calc. for C,,H,,0, : OMe, 62-0%). 

FractionIII. 46Mg. of tetramethyl methylglucoside, n}§* 1-4437, [a8 + 86° (c, 0-4 in water) Bayes : OMe, 61-8%). 

Fractions II and III were combined and hydrolysed with 2n-hydrochloric acid. Tetramethyl glucopyranose was 
isolated from the hydrolysate in the usual manner (yield, 84%), 'm. p. and mixed m. p. with an authentic specimen, 
95° OMe, 51-8. Calc. for CygH,,0,: OMe, 52-6%). 

column was then eluted with ether and gave, after evaporation of the solvent : 
ome. IV. 120 Mg. of trimethyl £-methylglucopyranoside, m.p. 59—60°, 1-4535 (supercooled) (Found: 

e, “4 

Fraction V. 268 Mg. of trimethyl £-methylglucopyranoside, m. p. 58°, n}§* 1-4537 (supercooled), [a]? — 39° (c, 
1-1 in chloroform). 

The total yield of tetramethyl methylglucoside was 160 mg., corresponding to 3-52% of the weight of methylglucosides 
obtained on hydrolysis of the methylated starch (repeating unit 28 residues, or after correction for experimental loss as 
described above, 26 units). 

Separation of a- Constant-boiling Fraction containing Trimethyl Methyl-\-arabofuranoside and Trimethyl Methyl-d- 
xylopyranoside.—Methylated damson gum on hydrolysis with methyl-alcoholic hydrogen chloride gave a mixture of 
area The most volatile portion was a mixture which could not be separated by fractional distillation, mjf* 1-4374 

ound: OMe, 57-4%). Further separation was, however, effected in the following way. The material (3-644 ¢) 
was dissolved in ether (10 c.c.) and light petroleum (b. p. 60—80°) (30 c.c.), the solution passed through a column oj 
activated alumina (15 cm. x 2cm.), and the column then developed with light petroleum (b. p. 60—80°). The following 
fractions were finally obtained : thyl (equilibrium) 
aly in me a uilibrium) after 
hydrolyals with 0-5nN-HCl. OMe, %: 


Fraction. Weight, g. nie, 
I 1-49 1-4350 —119° /—27° 58-9 
II 0-37 _ 1-4328 — 63  —17 59-7 
III 1:30 1-4330 — 26 - —44 59-9 
IV 0-21- 1-4372 +100 59-3 
Vv 0-05 1-4510 
VI 0-10 1-4584 


3-52 g-, i.€., 97% recovery. 


The fractions (I to IV) were each hydrolysed with 0-5n-hydrochloric acid, neutralised with silver carbonate, filtered, 
and evaporated to a syrup. Since 2:3: 4-trimethyl d-xylose an equilibrium rotation in water of + 17°, and 
2: 3: 5-trimethyl /-arabofuranose an equilibrium rotation in water of — 39°, it was considered that fractions II and IV 
were likely to be the richest in 2 : 3 : 4-trimethyl d-xylose. These two fractions were therefore combined and nucleated 
with 2:3: 4-trimethyl d-xylose; crystallisation then occurred. After three days the crystalline solid was removed 
by tiling. After recrystallisation, 2 : 3 : 4-trimethyl d-xylose was obtained in 25% yield (calc. on the original glycosides), 
m. p. and mixed m. p. with an authentic imen, 91°. The syrup remaining absorbed in the tile still contained some 
2:3: 4-trimethyl d-xylose. From the yield of crystalline 2: 3 : 4-trimethyl d-xylose (25%) and from the equilibrium 
values of the free sugars it was calculated that fractions II and IV contained some 50% of 2: 3: 4-trimethyl methyl. 
d-xylopyranoside, i.e., 0-29 g. 

Attempted Separation of a Fraction of Methylated Cherry Gum.—Methylated cherry gum (3 g.) which had been purified 
be precipitation from chloroform with light petroleum (b. p. 60—80°) (Hirst, J., 1942, 76) was dissolved in a mixture of 
benzene (40 c.c.) and ether (20 c.c.) and passed into a column of alumina (see above). ‘The column was eluted with 
benzene (50 c.c. portions) and by this means three fractions were obtained: Fraction I, 0-8 g., [a]? + 14-6° (c, 4-0 in 
methyl alcohol) (Found: OMe, 37-8%), fraction II, 1-2 g. [a]? +- 10-7° (c, 1-1 in methyl alcohol) (Found : OMe, 40-2%), 
and drastion III, 0-4 g., [a}f’ + 9-5° (c, 2:1 in methyl alcohol) (Found: OMe, 38-2%). All these fractions were white 
powders, whereas the original methylated gum was yellow. zene failed to remove any further material from the 
column, which was therefore uted, with methyl alcohol until no further extraction occurred. Evaporation of the 


fractions indicate that some fractionation had occurred. 


The author’gratefully acknowledges his indebtedness to Professor E. L. Hirst, F.R.S., for his interest and advice. 
Tue University, ‘Bristou. [Received, March 8th, 1944.] 


91. Antiplasmodial Action and Chemical Constitution. Part VII. 
Derivatives of Quinine and isoQuinine. 

By T. S. Work. 

Quinine and f-isoquinine were ozonised, and the resultant quininal and 3-acetyl-6’-methoxyrubanol reduced 


catalytically to the corresponding carbinols. Although active, none of the compounds showed antiplasmodial 
action equal to that of quinine when tested on Plasmodium relictum in canaries. =~ 
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As experiments are in progress in this laboratory designed to synthesise compounds related to quinine, the 
effect upon antiplasmodial action of minor alterations in the quinine molecule has been investigated. 

Seekles (Rec. Trav. chim., 1923, 42, 69) prepared quininal (I; R = H, R’ = CHO) by ozonisation of quinine 
(I; R =H, R’ = CH:CH,), followed by decomposition of the ozonide with 
water, but did not test the aldehyde for antiplasmodial properties. Quininal ' 
was prepared by Seekles’ method and was reduced to quininol (I; R= H, 


CH(OH) 


M H, oc, R’ = CH,-OH) by use of Adams’s catalyst. Although quininal proved active 
Wz R’ in bird malaria, quininol was inactive. 
H Recently there has been disagreement between Rabe (Ber., 1943; 76, 320, 


and earlier papers) and Prelog (Ber., 1941, 74, 648) over the alleged anti- 
plasmodial properties of synthetic 6’-methoxyrubanol (I, R = R’ = H). It was hoped that @-isoquinine, which 
differs from quinine by having the vinyl side chain in the form ‘CH-CH,, on ozonisation might give a ketone 
which could be reduced to 6’-methoxyrubanol. Unfortunately isoquinine ozonide on decomposition with 
water gave, without loss of carbon atoms, 3-acetyl-6’-methoxyrubanol (I; R = H, R’ = CO-CH,), which- was 
reduced to 3-hydroxyethyl-6’-methoxyrubanol, characterised as its crystalline dihydrobromide. Thealternative 
procedure of obtaining 6’-methoxyrubanol by decarboxylation of quitenine (I; R = H, R’ = CO,H) has not 
so far proved feasible. 

The results of tests on bird malaria due to P. relictum in canaries are shown in the table : 


Dose, mg. per 20g. Day of appearance of 


Substance. body weight.  _— parasites in blood. Remarks. . 
6 x 2-5 12th—1l4th .T.D.t 

Quininal { 6 x 0-625 8th 

cic pis 6x5 6th M.T.D. 

Acetyl-6’-methoxyrubanol 6 x 10 10th—1l 1th M.T.D. 

Hydroxyethyl-6’-methoxyrubanol ......... 6 x 10 10th—12th M.T.D. 

* A dose of 2-5 mg. daily on 6 consecutive days. + M.T.D. = maximum tolerated dose. 


3-Hydroxyethyl-6’-methoxyrubanol (a-hydroxydihydroquinine) was previously prepared and fully charac- 
terised by Henry, Solomon, and Gibbs (J., 1937, 601), by methylation of a-hydroxydihydroapoquinine, and 
a sample prepared by this method was kindly supplied by Mr. Solomon. The base prepared by reduction of 
3-acetyl-6’-methoxyrubanol could not be crystallised even on inoculation with the above a-base, but gave a 
crystalline dihydrobromide, which melted with decomposition at 192—195° and had a specific rotation of 
[a]p” — 142° (¢ = m/80) in n/10-hydrobromic acid. The crystalline base supplied by Mr. Solomon gave a 
dihydrobromide with similar solubilities and crystalline form, but with a melting point between 198° and 210° 
and a specific rotation of [a]?#° — 120° (c = m/80). As two asymmetric centres are involved in the formation 
of these bases, the new base in the form of its dihydrobromide is one of the remaining diastereoisomerides. 

The failure of Henry, Solomon, and Gibbs (loc. cit.) to obtain more than traces of acetaldehyde on ozonis- 
ation of B-isoquinine. now receives a simple explanation. It is due to the formation of 3-acetyl-6’-methoxy- 
tubanol and this observation does not vitiate, in any way, the structure assigned to 6-isoquinine. 


EXPERIMENTAL. 


Quininal.—The method of Seekles (Joc. cit.) was found to be satisfactory only when extreme precautions were taken 
to dry the ethyl acetate and petroleum used in the purification of the ozonide. 

Quininol.—As there is considerable loss in the purification of quininal, it was found more satisfactory to reduce 
crude quininal obtained by treatment of the ozonide with water. rified ozonide (6 g.), decomposed with water and 
reduced catalytically in ethanol with Adams’s catalyst (500 c.c . of hydrogen), gave crystalline quininol dihydrobromide, 
[a}i# — 146° (¢ = m/50, water). The free base could not be crystallised, and the dihydrobromide, although crystalline, 
gave unsatisfactory analytical results owing to decomposition on drying. However, quininol monosulphate, m. 3 
149°, crystallised readily from water [Found for material dried at 90° in a vacuum: C, 60-3; H, 6-9; N, 7:2. 
requires C, 60-5; H, 6-6; N, 7-4%]. 

3-A cetyl-6'-methoxyrubanol.—f-isoQuinine (5 g.) was dissolved in dry chloroform (50 c.c.), and dry ozone (3:1. of 13% 
ozone) bubbled slowly through the solution cooled in ice-salt. Chloroform was removed at reduced pressure without 
tise in temperature, and 3% acetic acid (50 c.c.) added. After keeping for 48 hours at room temperature, excess of 
aqueous ammonia was added, and the product extracted with chloroform. The residue after removal of chloroform 
was ted by fractional crystallisation from acetone into unchanged f-isoquinine (1-5 g.), readily soluble, and 
a ak -6’-methoxyrubanol (2-4 &; needles, m. p. 198—200°, sparingly soluble in aeetone (Found: C, 70°5; H, 7:1; 
N, 8:2. CyH,O,N, requires C, 70-6; H, 7-1; N, 82%). Acetylmethoxyrubanol dihydrochloride crystallised from 
alcohol in prisms, but owing to decomposition on drying could not be anal r 2 

An ethylene oxide fgrmulation of acetylmethoxyrubanol is not impossible, but is considered unlikely, since the 
compound is stable under conditions which normally rupture the ethylene oxid — 

3-Hydroxyethyl-6’-methoxyrubanol.—Acetylmethoxyrubanol (0-5 g.), reduced catalytically in the same way as quininal, 
gave an oily base. The dihydrobromide obtained from the base melted at 192—-194° (decomp.) and c ised in 
Clusters of needles from a mixture of equal of alcohol and acetone (Found for material dried at 90°: C, 47-3; 
H, 5-8; N, 5-3. C. 9H,s0,N,,2HBr requires C, 47-6; H, 5-6; N, 5°5%). 4 


I wish to thank Dr. T. A. Henry of the Wellcome Foundation for the gift of B-isoquinine, Miss Ann Bishop, D.Sc., 
working in the laboratories of Professor D. Keilin, F.R.S., at the Molteno Institute, Cambridge, for the biological results, 
and Dr. H. King, F.R.S., for his interest and advice. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, Lonpon, N.W.3. [Received, March 10¢f, 1944.) . 
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Cook and Paige: The Sterols of Calycanthus floridus. 


92. The Sterols of Calycanthus floridus. 


By J. W. Cook and M. F. C. Paice. 


A. The phytosterol fraction of the oil extracted from the seeds of Calycanthus floridus has been found to 
consist mainly of f-sitosterol, togethet with a small amount of a-sitosterol, and possibly sitostanol. 
B. The hydrogenation of f-cholestenol to cholestanol has been confirmed. 


A suppLy of Calycanthus floridus seéds purchased by the late Professor Barger for isolation of their alkaloidal 
constituents (compare Barger, Jacob, and Madinaveitia, Rec. Trav. chim., 1938, 57, 548) became available to 
us, and as these seeds, like those of Calycanthus glaucus, contain a large proportion ‘of fixed oil (Eccles, Proc. 
Amer. Pharm. Assoc., 1888, 84, 382; Wiley, Amer. Chem. J., 1889, 11, 557), it seemed of interest to investigate 
the sterols of the unsaponifiable matter from the oil. Extraction of the seeds with cold benzene gave about 
33% of a pale yellow oil of low alkaloid content. This was hydrolysed with methyl-alcoholic potash, the 
unsaponifiable components being obtained as a semicrystalline mass representing some 1-6% of the original 
oil. Treatment with light petroleum yielded colourless crystals of the phytosterol mixture. 

- ' Fractional crystallisation of this mixture from alcohol afforded a number of fractions very similar in 
melting point, although subsequent examination of the fractions showed that some separation had occurred. 
Each fraction was submitted to the action of the Tortelli—Jaffé reagent according to the procedure of Westphal 
(Ber., 1939, 72, 1243); a green colour developed only in the most soluble fraction, suggesting the presence, 
in low concentration, of one or more of the «-sitosterols. Examination of the least soluble fraction, in which 
stigmasterol and sitostanol should be concentrated, showed the absence of stigmasterol but yielded a very 
small quantity of material which, from its m. p., appeared to be sitostanol. 

As phytosterol mixtures are more efficiently separated by crystallisation of their benzoates and 3 : 5-dinitro- 
benzoates than of their acetates (Wallis e¢ al., J. Amer. Chem. Soc., 1936, 58, 2446; 1939, 61, 1903; Gloyer 
- and Schuette, ibid., 1939, 61, 1901; Anderson e¢ al., ibid., 1924, 46, 1450; 1926, 48, 2972, 2976, 2987), the 

, least soluble fraction was benzoylated. The m. p. of the product corresponded closely with that reported 
‘for 8-sitosteryl benzoate, and there was no indication of the presence of y-sitosterol. Hydrolysis of this 
benzoate gave the free sterol, which was converted into its acetate and 3: 5-dinitrobenzoate. The specific 
rotation of the free sterol, and the m. p.’s of its three esters confirmed the view that this was 6-sitosterol, 
and the m. p. of the sterol was not depressed by admixture with an authentic specimen of §-sitosterol pre- 
if pared from tall oil; for this specimen we are indebted to Dr. E. R. H. Jones. Circumstances did not permit 
of the application of the elegant test of homogeneity of sitosterols devised by Barton and Jones (J., 1943, 
» 599). Each of the other sterol fractions was likewise benzoylated and yielded @-sitosteryl benzoate. 
The results indicated that at least 70% of thé phytosterol mixture consisted of 8-sitosterol. Calycanthus 
he oil thus resembles cottonseed oil (Wallis and Chakravorty, J. Org. Chem., 1937, 2, 335) rather than soya bean 
oil (Rosenheim and Webster, Biochem. J., 1941, 35, 929) and wheat germ oil (Anderson eé¢ al., loc. cit.), both 
of which contain y-sitosterol as their principal steroid component. 
There is evidence that rings C and D of the natural sterols are locked by trans valency bonds (Wieland 
i and Schlichting, Z. physiol. Chem., 1924, 134, 276; Wieland and Dane, ibid., 1933, 216, 91; Dimroth and 
‘ Jonsson, Ber., 1941, 74, 520). With the simple dicyclic hydrindanes the cis-configuration is the more stable, 
and in cases where interconversion is possible trans-compounds tend to pass into their cis-isomerides (compare 
i Annual Reports, 1935, 82, 310). In view of these relationships it is interesting that hydrogenation of 6-ergo- 
‘i stenol (I, R = C,H,,) should give ergostanol (Heilbron and Wilkinson, J., 1932, 1708) and that @-cholestenol 
(I, R = C,H,;) should give cholestanol (Schenck, Buchholz, and Wiese, Ber., 1936, 69, 2703) rather than the 
M stereoisomerides in which the fusion of rings C and D is cis (compare Peak, Nature, 1937, 140, 280). The 
. product obtained by Schenck by hydrogenation of B-cholestenyl acetate was identified as cholestanyl acetate 
A merely by m. p. and mixed m. p. determinations, and in view of the theoretical import- 
‘ ance of this experiment it seemed worth while to seek confirmation and to complete the 
” ey identification of the saturated sterols by specific rotation measurements. This we have 
== done. Hydrogenation of 8-cholestenyl benzoate over Adams’s catalyst afforded chole- 
H stanyl hexahydrobenzoate, which was hydrolysed to cholestanol, identical with a specimen 
prepared by direct hydrogenation of cholesterol. It must therefore be concluded that 
| iS oe _ attachment of the additional rings to the hydrindane system to give the tetracyclic 
sterol molecule modifies the relative stabilities of the cis- and trans-forms. The trans- 
configuration assigned to the C-D-ring fusion of the sterols is probably correct, but it would be desirable to 
have a simpler and more direct proof of this than has hitherto been furnished. 

Further confirmation of the identity of hydrogenated 8-cholestenol with cholestanol was provided by 
the work of Heath-Brown, Heilbron, and Jones, who, in a paper published at the time when our experiments 
were almost complete (J., 1940, 1482), showed that zymosterol was readily convertible into 8-cholestenol, 
which these authors likewise hydrogenated to cholestanol. 


‘EXPERIMENTAL. 


Extraction of Calycanthus floridus Seeds.—(a) The roughly with seeds (kernels and hulls, 250 g.) were covered 


with benzene (800 c.c.) and kept at room temperature for a week with occasional agitation. The filtered solution was 
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concentrated under reduced pressure. The residual pale yellow oil (83 g.) contained only traces of alkaloid. (6) A 
similar yield of oil was obtained when a large batch of the seeds (44 kg.) was extracted with benzene (90 kg.). We 
are greatly indebted to Messrs. Roche Products, Ltd., for carrying out this extraction. Through a misunderstandin 
the extraction was done with hot benzene and the resulting oil (32-5% of the weight of seeds) contained about 3-8% 
of alkaloid, which was removed-by dilute hydrochloric acid, after addition of light petroleum (2 vols.). Most of the 
following experiments were carried out with the brown oil obtained in this way. The products obtained seemed identical 
with those ffom the pale yellow oil resulting from cold extraction of the seeds. 

Saponification of the oil (580 g.) was effected by 8 hours’ boiling with methyl-alcoholic potash (190 g. in 2-51.). The 
solution was concentrated four-fold under reduced pressure; the whole was then diluted with water (2 1.), and the 
unsaponifiable matter extracted with ether. The ethereal extract was washed with dilute hydrochloric acid and with 
water, dried, and the ether removed. The semi-solid residue (1-15—1-6% from various batches) was dissolved in hot 
light petroleum, the filtered solution kept at 0° for 24 hours, and the crystals collected, They had m. p. 135—137°. 
(These amounted to some 60% of the crude unsaponifiable matter.) 

Examination of phytosterols. The crystalline mixture (5-8 g.) was submitted to a triangle scheme of fractional crystal- 
lisation a — alcohol, involving 36 crystallisations. The m. p.’s and yields of the final series of fractions are 
shown in the table : . 


more soluble fractions 
Fraction. A. B. Cc. D. E. F and G. 
M. P. ees 134—135-5° 134-5—135-5° 133—135° 135—136-5° 132-5—135° 132—134-5° 
Vield, 1-33 0-66 0-39 0-09 0-32 0-13 


Total yield, 2-92 g. 


Only in the case of the combined fraction F and G was a faint green colour developed with the Tortelli-Jaffé reagent. 
Fraction A was acetylated by boiling for an hour with acetic anhydride (10 c.c.). A solution of the resulting acetate 
(1-45 g.), m. p. 118-5—123-5°, in ether (15 c.c.) was mixed with a solution of bromine (0-3 c.c.) in acetic acid (20 c.c.) 
and kept at room temperature for a few hours. The amount of bromide which separated was insufficient for a m. p. 
determination, indicating the almost completé absence of stigmasterol (Windaus and Hauth, Ber., 1906, 39, 4378). 
The material from the filtered solution was debrominated by boiling with zinc dust and acetic acid, and the regenerated 
phytosteryl acetate was hydrolysed with 10% methyl-alcoholic potash, giving the ‘phytosterol as elongated leaflets 
(0-85 g.), m. p. 133-5—135°. Some of this was treated according to the procedure of Anderson and Nabenhauer (J. 
Amer. Chem. Soc., 1924, 46, 1957) for the removal of unsaturated sterols. The residual saturated sterol, after two 
crystallisations from alcohol, had m. p. 137—-138° and probably consisted of sitostanol. The remainder of the phyto- 
sterol regenerated from the acetate-bromide was treated with benzoyl chloride in pyridine at 100° (1 hour) and the 
resulting benzoate was recrystallised three times from alcohol—benzene, giving pure f-sitosteryl benzoate. This was 
hydrolysed to the sterol, from which was prepared the pure acetate. Fractions B to E of the phytosterol mixture 
were then purified through the benzoate, which was hydrolysed and the pure sterol then converted into its 3 : 5-dinitro- 
benzoate. The following table gives the constants of the pure sterol and its derivatives, together with those recorded 
for B-sitosterol : 


Sterol. 
A Acetate, Benzoate, 3 : 5-Dinitrobenzoate, 
M. p. {a]p. m. p. m. p. m. p. 
137-5—138-5° —34-0° 1 126-5—127-5° 145-5—146-5° 208—209° 2 
136—137 — 36-6 125—126 146—147 » 202—203 
135—135-5 —34-2 126—127 145—146 207—209 ¢ 
136—137 —31-5 122—-123 146—147 —§ 


1 At 18°; c, in chloroform, 2-267. 2 Present authors’ values. * Wallis and Chakravorty, loc. cit. 
‘ Simpson and Williams, J., 1937, 733. 5 Ichiba, Sci. Papers Inst. Phys. Chem. Res., Tokyo, 1935, 28, 112. 


Benzoylation of fraction F—G gave -sitosteryl benzoate (0-14 g.), m. p. 144-5—145-5°, and a fraction, m. p. 10l— 
123°, was recovered from the mother-liquors of the crystallisation. Hydrolysis of this gave crystals, m. p. 130—132-5°, 
which gave an-intense green colour with the Tortelli-Jaffé reagent, indicating the presence of the a-sitosterol mixture. 

Hydrogenation of B-Cholestenyl Benzoate.-—?-Hydroxycholesterol was prepared as described by Windaus et al. (Annalen, 
1935, 520, 98). Its dibenzoate was converted into 7-dehydrocholesteryl benzoate in 70% yield by boiling dimethyl- 
aniline (8 hours) (compare Haslewood, J., 1938, 224). In the preparation of the dibenzoate of 7-hydroxycholesterol 
some 7-ketocholesieryl benzoate was isolated owing to incomplete Meerwein—Ponndorff reduction of 7-ketocholesteryl 
acetate. This was identified by direct comparison with a specimen prepared from 7-ketocholesterol (1 g.) and benzoyl 
chloride (0-5 g.) in dry pyridine (15 c.c.) at room temperature (18 hours). It formed long colourless needles (from 
alcohol) which melted at 159-5—161° to an opaque liquid. This became pea-green at 182-5° and formed a clear colour- 
less liquid at 183-5° (Found: C, 81-0; H, 9-7. C3,H,,O, requires C, 80-95; H, 9-5%). 

7-Dehydrocholesteryl benzoate was converted into a-cholestenyl benzoate and thence into B-cholestenyl benzoate 
by a procedure which was essentially that of Schenck, Buchholz, and Wiese (loc. cit.). A solution of 8-cholesteny! 
benzoate (3 g.) in ether was added to a platinum catalyst prepared by reducing a suspension of platinic oxide (0-1 g.) 
in acetic acid (50 c.c.), and the whole was shaken with hydrogen until absorption ceased (24 — The resulting 
cholestanyl hexahydrobenzoate (2-9 g.) formed colourless needles (from alcohol), m. p. 158-5—159° (Found: C, 82-2; 
H, 11-7. C3,H,,O, requires C, 81-9; H, 11-65%). Hydrolysis gave hexahydrobenzoic acid, m. p. 29—30°, and chole- 
stanol, m. p. 141-5—142°, alone or mixed with a specimen prepared by hydrogerfation of cholesterol. Both specimens 
of cholestanol were purified by the method of Anderson and Nabenhauer (loc. cit.). The dihydro-8-cholestenol had 
[apiece = +26-7° (c, in chloroform, 0-6) and the authentic cholestanol had [a}eo = + 25-0° (c, in chloroform, 0-6). 


One of us (M. F. C. P.) is indebted to the Donaldson Trustees for the award of a scholarship. 
UNIVERSITY OF GLASGOW. [Received, May 18th, 1944.) 
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triacetonediamine, etc., has been described only by Leopold and Schacke (D.R.-P. 481,290, 1929), who prepared 


Connolly : Triacetone Dialcohol and its Dehydration Products. 


93.  Triacetone Dialcohol and its Dehydration Products. 
| By E. E. Connotty. 


Triacetone dialcohol has been isolated from the products of the alkaline condensation of acetone, and some 
of its physical properties have been determined. 

Phorone is easily prepared from this alcohol in almost theoretical yield by dehydration with acid catalysts 
under certain conditions. Under other conditions, dehydration is carried only half way, giving either an 
almost quantitative yield of ‘‘ semiphorone,”’ a dimethylheptenolone, or a 30—40% yield of 2 : 2 : 6 : 6-tetra- 
methyltetrahydro-y-pyrone. 

The 2 : 4-dinitrophenylhydrazones of these ketones have been prepared from acid solutions. 


SYMMETRICAL triacetone dialcohol, CMe,(OH)-CH,-CO-CH,-CMe,-OH, the parent alcohol of triacetonamine, 


it by condensing together acetone and diacetone alcohol in the presence of phthalic anhydride. Inasubsequent 
patent (D.R.-P. 483,823, 1929) the dehydration of the dialcohol to ‘‘ semiphorone ’’ and phorone was described, 

The vacuum-distillation residues, from the large-scale production of diacetone alcohol, on cooling to room 
temperature deposit large crops of impure triacetone dialcohol; when purified by recrystallisation or vacuum 
distillation, this corresponds in its properties to the substance described by Leopold and Schacke. Examin- 
ation of products through the various stages of the process of manufacture of diacetone alcohol, viz., auto- 
condensation of acetone by means of sodium hydroxide, followed by neutralisation, removal of excess of acetone 
and vacuum distillation of the crude product, indicates that triacetone dialcohol is formed during the 
condensation. 


The controlled dehydration of the substance has been found to give excellent yields of ‘‘ semiphorone” 
(2 : 6-dimethyl-A*-hepten-6-ol-4-one) or phorone at will. In addition, the inner anhydride, probably the 
hitherto unknown 2 : 2 : 6 : 6-t¢tramethyltetrahydro-y-pyrone, has been prepared. 

Some observations have been made on the 2 : 4-dinitrophenylhydrazones of ketones of the above types and 
it has been found that, under the usual conditions of their preparation, dehydration or ibly other changes 
may occur. 

EXPERIMENTAL. 


Purification of Triacetone Dialcohol.—The vacuum-still residues mentioned contained, besides diacetone and triacetone 
alcohols, small amounts of higher ketones and inorganic salts. The crystalline mass was centrifuged to remove most 
of the organic impurities, and the dry crystals were freed from sodium acetate and sodium sulphate by recrystallisation 
from water. An alternative method was to melt the crystals, allow any solid to settle, or filter the liquid hot, and distil 
the clear liquid under reduced pressure. - 

A twice-recrystallised product was soluble in water, alcohol, acetone, or benzene. If it was distilled while slightly 
alkaline, it _ acetone and diacetone alcohol at reduced pressures, and broke down completely to acetone at normal 
pressure. e crystals, which can be grown to a large size, are colourless and odourless; m. p. 56-4°, b. p. 128°/15 mm. 
font and Schacke give m. p. 57°, b, p. 138°/37 mm.) (Found: C, 62-1; H, 10-5. Calc. for C,H,,0,: C, 62-0; H, 


ehydration of Triacetone Dialcohol.—(i) To ‘‘ semiphorone,”” Leopold and Schacke 

(loc. cit.) described a method in which 5% of concentrated sulphuric acid was added dropwise to triacetone dialcohol, 

and the mixture heated to 75° for 1 hr., neutralised with sodium hydroxide, and vacuum distilled. In our hands this 

rocedure afforded only a 30% yield of semiphorone, much phorone being produced. It was found preferable to distil 

00 g. of triacetone dialcohol with 0-1 g. of syrupy phosphoric acid at 20 mm. pressure. This gave 79 g. of semiphorone 
together with some water; if allowance is made for a residue of 9 g., the yield is 97%. 

The same substance is also described by Grignard and Fluchaire (Ann. Chim., 1928, 9, 5) as occu among the 
products of the prolonged action of butoxymagnesium bromide on acetone: When purified by repeated tionation 
at low pressure, ‘‘ semiphorone ”’ is an oily, pale yellow liquid having a pleasant orange-like odour; m. p. < — 70°, b.p, 
101°/15 mm., a3" 0-9350, n?" 1-4666, rp 0-2965 (Found: C, 69-2; H, 10-5. Calc. for C,H,,0,: C, 69-2; H, 10-3%). 
Leopold and Schacke give b. p. 105—-110°/20 mm. and Grignard and Fluchaire give b. p. 95°/5 mm., di%* 0-9432. 

he oil readily adds 2 atoms of bromine but does not form an oxime or a bisulphite compound under the usual 
conditions. 

(ii) Act gency Either (1) the crude vacuum-still triacetone dialcohol, containing residue, or (2) centrifuged crystals 
can be used. 

(1) 200 G. of residue were’ heated under reflux with 1 c.c. of concentrated sulphuric acid. The mesityl oxide 
produced from the 55% of diacetone alcohol present in the crude dialcohol acted as an entrainmer for removing the water 
of reaction. Subsequent vacuum fractionation gave 68 g. of phorone, m. p. 24°, i.e., a yield of approximately 80% by 
weight on the initial pure dialcohol. There were also 12 g. of high-boiling residue. 

2) 100 G. of dialcohol crystals were heated under reflux with 100 c.c. of benzene and 0-05 c.c. of sulphuric acid, the 
water again being removed by entrainment; vacuum fractionation then afforded 5 g. of mesityl oxide and 67 g. of 
phorone (m. p. 25°; yield approx. 85% by wt.). ’ 

Similar dehydration of ‘‘ semiphorone ”’ gives equally good yields of phorone. , 

seis are and recrystallisation of the products gave bright yellow crystals of phorone; m. p. 27-5°, b. p. 81°/15 
mm., 56° 0-880. 

(iii) "“T0.-2 : 2: 6 : 6-tetramethyltetvahydvo-y-pyrone. 200 G. of crude centrifuged triacetone dialcohol crystals were 
heated under reflux with 75 g. of water and 4 g. of sulphuric acid for 1 hr. The oils were steam-distilled from the acid 
solution and finally fractionated ina vacuum. The products were 48 g. of 2 : 2 : 6 : 6-tetramethyltetrahydro-y-pyrone, 74 §. 
of phorone, and 20 g. of semiphorone. The new ketone (Found: C, 69-1; H, 10-5; M, cryoscopic in benzene, 155, 
158. C,H,,O, requires C, 69-2; H, 10°3%; M, 156) combines with sodium hydrogen sulphite, and readily forms 
70°16 ms m. p. 101°, quantitatively in the cold. It has a camphor-like odour and is water white; m. p. 12-8°, b. p. 

0°/15 mm. * 

Elizarova and Nazarov (Bull. Acad. Sci. U.R.S.S., 1940, 189) find that hydration of vinyl isopropenyl ketone 

affords a dimethyltetrahydropyrone. ‘ 
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tetramethyltetrahydro-y-pyrone is deh ted to phorone, and appears to be formed either by hydration of 
nn or by bemevsl of 1 mol of water from detec hydroxyl groups in triacetone dialcohol with ring shame in either 


ae The properties of tetrahydropyrone and its 2 : 2-dimethyl and its 2: 2 : 6 : 6-tetramethyl derivative are compared 
below : 


Tetrahydro-y-pyrone. « Dimethyl deriv. Tetramethyl deriv. 
1-4529 (24-5°) 1-4473 (20°) 1-4432 (20°) 
B, Pu. cee 164-7° 178-5—179° 186° 


Observations on certain 2 : 4-Dinitrophenylhydrazones.—These hydrazones were prepared from seven ketones by addi 
the ketone to a moderate excess of 0-4% solution of 2 : 4-dinitrophenylhydrazine in 2n-hydrochloric acid. Di- and tri- 
acetone alcohols afforded precipitates only slowly, but in all cases the reaction mixtures were kept for 24 hrs. with 
occasional shaking. The hydrazones were filtered off, washed, and recrystallised from alcohol. No. 1 was yellow,, 


No. Ketone. M. p. of deriv., etc. No. Ketone. — M. p. of deriv., etc. 
1. Acetone 127—128° 6. Semiphorone 171—172-5° 

2. Diacetone alcohol 197—198 7. Tetramethyltetrahydropyrone 171—173 

3. Mesityl oxide 198—199 8. 5+6 171—172 

4. 171—172-5 

5 


Nos. 2, 3, 4, and 10 red, and the others orange. It is clear that both diacetone alcohol and mesityl oxide yield the same 
product. From its colour there can be little doubt that this is the mesityl oxide derivative. From triacetone dialcohol 
and its two partial dehydration products the same hydrazone is prod but this is clearly not that of phorone. 


The author wishes to thank Professor F. G. Tryhorn for his interest in this work, and Messrs. British Industrial 
Solvents, Ltd., for permission to publish it. ; 


Satt Enp, Hutt. (Received, January 4th, 1944.] 


NOTE. 


D-Ribobenziminazole, A Correction. By GrorrrEy R. BARKER, KATHLEEN R. Cooke, and J. Masson GULLAND. 


THE properties of d-ribobenziminazole by two of us (J., 1943, 625) were at variance with those previously 
published by Richtmeyer and Hudson (J. Amer. Chem. Soc., 1942, 64, 1612) and we were unable to account for the 
discrepancy. After our paper had gone to press, Dimler and Link (J. Biol. Chem., 1943, 150, 345) described the 
preparation of d-ribobenziminazole and recorded the m. p. and specific rotation of the compound, both of which were 
in agreement with those recorded by Richtmeyer and Hudson, and also the m. p.’s of the picrate and the hydrochloride. 
We have now repeated the preparation of d-ribobenziminazole from synthetic d-ribonic acid, characterised as before 
by means of the phenylhydrazide, and we are now in agreement with the American authors. The reason for the previous 
results and the implications regarding the pentose of the nucleic acid of yeast are being investigated and will be reported 
upon shortly. 

d- Ribebonsteninasole Cadmium ions were removed, by passage of hydro; sulphide, from a solution in water 
(200 c.c.) of cadmium d-ribonate (5-5 g.), prepared by Steiger’s method (Helv. Chim. Acta, 1936, 19, 189), and the 
cadmium sulphide was coagulated by boiling and removed by filtration through charcoal. The filtrate, after removal 
of hydrogen sulphide by aeration, was concentrated under diminished pressure to a syrup, which was heated with 
o-phenylenediamine (3-6 g.), concentrated hydrochloric acid (5-5 c.c.), glacial phosphoric acid (2 c.c.), and ethyl alcohol 
(5 c.c.) for 2 hours at 130—140°. The resulting syrup was dissolved while hot in water (20 c.c.), and after being 
decolorised with charcoal the solution was made just ine to litmus with 4n-sodium hydroxide, then just acid to 
litmus with 2n-hydrochloric acid, and finally aqueous ammonia (d 0-880) (0-2 c.c.) was added. A small quantity of 
insoluble material was filtered off, the excess of o-phenylenediamine removed by extraction with ether, and the resulting 
solution evaporated to dryness under diminished re. Water (10 c.c.) was added to the residue and, after standin 
at 0° for 3 hours, the d-ribobenziminazole was collected, washed with water, crystallised twice from water (6 c.c.), | 
separated in rosettes of fine needles (1 g.), m. p. 191° (Found: N, 11-6. Calc. for C,,H,,O,N,: N, 11-7%). In 5% 
citric acid solution (c = 2), [a]p was + 23-5°. The picrate crystallised from water in long yellow needles, m. p. 
184—186° (Found: N, 15-0. Calc. for C,,H,,0,N,,C,H,O,N,: N, 15-0%). The hydrochloride separated from 
absolute alcohol in rosettes of fine needles, m. p. 201—-203° (Found: N, 9-8. Calc. for C,,H,,O,N,,HCl: N, 10-2%). 

d-Ribonic Phenylhydrazide.—d-Ribonic acid, obtained from synthetic cadmium d-ribonate (1 g.) as described above, 
was heated with sheieribadeccine (0-3 c.c.) on a boiling water-bath for 1 hour. The residue, when cold, was dissolved 
in ethyl alcohol (5 c.c.); ribonic phenylhydrazide separated in long colourless needles, which, after being crystallised 
three times from ethyl alcohol, had m. p. 162—164° (Found : N, 10-6. Calc. for C,,H,,0;N,: N, 10-9%).—Unrversity 
Cottece, NottincHam. [Received, March 15th, 1944.] 
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Mills : Old and New Views on Some Chemical Problems. 


PRESIDENTIAL ADDRESS. 


Old and New Views on Some Chemical: Problems. 
By W. H. Mitts, M.A., Sc.D., F.R.S. 


THE chemists of my generation have lived through a wonderful period in the history of science. Brought up 
in the old chemistry, they have seen the great increase in our knowledge of molecular structure that followed on 
the nuclear theory of the atom and the electronic theory of valency. : 

I think nothing illustrates better the contrast between the new and the old views than the changed attitude 
towards the Walden inversion. The old view is well illustrated bya drawing in a paper of Emil Fischer (A nnalen, 
1911, 381, 131). We see an impenetrable atom with its surface marked off into valency areas. Fischer re- 
garded the Walderrinversion as “‘ the most surprising observation which had been made in the field of optically 
active compounds since the fundamental investigations of Pasteur.” 

The new conception of the ztom as an open structure with a central nucleus—and particularly G. N. Lewis’s 
octet theory of valency in which the eight valency electrons were regarded as arranged in pairs at each corner 
of a tetrahedron—opened the way toa new view of the phenomenon. As Lewis himself said (‘‘ Valence,” 
p. 113): ‘‘ There seems to be but one possible way of accounting for this peculiar behaviour.’’ The carbon core 
must move out of the tetrahedron formed by the four radicals of the original compound into a new tetrahedron 
whose base is formed by three of the original radicals and its apex by the entrant radical. 

The process is illustrated by this model which represents an anionic exchange reaction such as : 


Cc + OH 4k: —OH 
RY 


The four spheres at the corners of a regular tetrahedron represent the four radicals, and the smaller sphere 
’ at the centre represents the core of the central carbon atom. On bringing up this sphere (illuminated to 
indicate the ionic charge) into the appropriate position we see the carbon core swing into the-centre of a new 
tetrahedron, and the illumination is transferred to the sphere which formed the apex of the original tetrahedron 
and now represents a newly liberated anion. 

It is not difficult to see in a general way the kind of energy relationships involved. The curve PQ (Fig. 1) 
indicates the increase of energy of the system as the carbon core C+ is moved out of the tetrahedron along the 


Fie. 1. 


Q 


Position of C nucleus. 


axis abc. The curve rises sharply from the minimum P at the centre of the tetrahedron, finally reaching a level 
corresponding with the work of disrupting the molecule. If now an anion Y~ should reach the position ¢, 
corresponding with the apex of the inverted tetrahedron—and, on account of the interaction between the ionic 
charge and the C*—=X< dipole, anions will tend to take up positions on the ac axis, favouring attack on this face 
of the tetrahedron—a second minimum will be created at P’ and the energy curve will have to take a new course 
between P and P’ as indicated by the dotted line. 

Hence through the presence of Y~ the energy of the system when the carbon nucleus is at b is greatly dimin- 
ished, the potential barrier between the minima at P and P’, which the carbon core has to surmount, is made 
comparatively low, and the inversion reaction needs only a moderate energy of activation. 

This view, based on the movement of the carbon core, gives an exceedingly simple picture of the process, 
and the inversion of configuration, which was regarded as so surprising at the beginning of the century, now 
seems a natural and inevitable concomitant of reactions due to anionic exchange. 

Of all the papers I have read I think none roused more interest or surprise than Werner’s first account of 
the optical resolution of co-ordination compounds of cobalt. - But whilst Werner’s remarkable series of investiga- 
tions left no doubt of the six-fold co-ordination and the octahedral configuration of a very large group of com- 
pounds, they did nothing to remove the great difficulties of interpretation which their structure presented. 
Here was a great class of substances which seemed to lie outside the ordinary laws of valency, and Werner had 
to introduce the idea of subsidiary valencies. 
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The electron theory f valency however provided a simple solution of the difficulty. It removed the need 
for introducing a new and mysterious kind of valency. It enabled us to see that the link which binds the co- 
ordinated group to the central atom is a two-electron bond, similar in nature to the nitrogen—-oxygen bond in 
the amine oxides, or the carbon—nitrogen bond in the organic ammonium radicals. This was pointed out by 
G. N. Lewis (‘‘ Valence,”’ p. 114) and very clearly by Sidgwick in our Journal (J., 1923, 128, 725). Sidgwick 
also made the interesting and important observation that, in the most stable and characteristic 6-co-ordinate 
complexes, the electron duodecet was related to the next following inert gas in the same kind of way as was the 
octet of 4-covalent compounds. : 

All the radicals which enter into co-ordination complexes possess lone pairs of electrons. The formation 
of a co-ordinate link between, for example, ammonia and a metg] M is conceived to take place by the passage 


=m [7]... 


of one of the electrons of the lone pair of ammonia into a vacant orbital of the metallic atom. This process . 
conveys a formal charge of —1 to the metal and leaves one of + 1 on the ammonia, giving it the ammonium 
structure. A bond then arises from the resonance energy of the two electrons between the two orbitals, pro- 
vided that the energy thus obtained is more than that required to bring about the electron transference. 

Since the 6-co-ordinated complexes have octahedral configuration, we shall find the most stable compounds 
where the electron structure thus acquired by the central atom is that which is best adapted to give a set of 
octahedrally disposed bonds. Pauling has shown that in the last three transition elements of each period (where 
the d-orbitals have about the same energy as the s- and p-orbitals of next higher quantum number) six equi- 
valent, strongly bonding, octahedrally arranged orbitals can be obtained by appropriate hybridisation from two 
d-orbitals and the set of four provided by the next following s- and p-orbitals. 

In the fourth period, for example, to obtain the necessary vacant orbitals to yield the strongest set of 
octahedral bonds for six co-ordinated groups we should require the following electron scheme : 


3d: 4s Ap. 


‘ 
Filled : Vacant ‘ 


which can be obtained from Fe*++ or Cot*++. Similarly, in the sixth period the corresponding arrangement can 
be got from Ost*, Ir*+*++, or Pt**++*. These are the systems which, speaking generally, are in fact found to give 
rise to the most stable and characteristic co-ordination compounds—this is particularly apparent in the metallic 
carbonyls and nitrosyls—and it seems probable that in this theory of Pauling the foundation for Sidgwick’s 
tule is to be found. 

With regard to organic compounds, probably the most interesting theoretical advances made during the 
present century have been those relating to the structure and reactivity of aromatic compounds. 

Though various formule have been proposed from time to time for benzene, most chemists have probably 
always felt that the original Kekulé formula provided the nearest approach which the structure theory could 
provide to a representation of the benzene molecule. 

At the same time it was evident that constitutional factors existed in benzene to which the structure theory 
could give no expression. The simple Lewis form of the electron theory of valency threw no light on this 
question, but advances followed rapidly on the discovery that electrons had a wave aspect and that atomic 
electrons behaved as standing waves represented by solutions of Schrédinger equations. Soon.after this 
discovery Heitler and London gave a satisfactory explanation of the covalent bond, and Slater and Pauling 
developed the concept of resonance in relation to molecular structure. We are indebted to Pauling especially 
for showing on a broad basis the great value of this concept in enabling us to interpret the structure of molecules 
which could only be represented imperfectly by the unmodified structure theory. 

The conception of the benzene molecule as a resonance hybrid of (mainly) two structures closely resembling 
the two Kekulé formulz must now be universally familiar to organic chemists. 

When it is a question of finding quantitative solutions for problems of this kind no doubt the method of 
molecular orbitals provides the more elegant and powerful instrument. For organic chemists however who 
have in the structure theory their principal means of interpreting a highly complex mass of experimental data 
the concept of resonance is of particular value. In effect, it provides an extension of the structure theory which 
enables it to be applied to cases to which, in its simple form, it is inapplicable. 

The Schrédinger equation is a second-order, linear, homogeneous, differential equation and equations of this 
pe have the property that if they have two or more independent solutions then any linear combination of 
hese is also a solution. The Schrédinger equation for the possible distributions of the electrons in a molecule 
is determined by the positions of the atomic nuclei. We know from experimental data that the atomic nuclei 
in the benzene molecule have a regular hexagonal arrangement. In the two structures represented by the 


Kekulé formule || | @ the single and double bonds must therefore have the same length and the . 
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arrangement of the nuclei must consequently be the same in both these structures. The wave functions by 
and , corresponding with the twa structures are therefore solutions of the same Schrédinger equation and the 
genera] solution is a linear combination of these, (ap, + fs). 

This expression represents a superposition of two modes of vibration of the same system, and since the two 
wave functions p, and p, evidently have equal energies, H,, and Hyg, the behaviour of the system is determined 
by a general theorem easily proved by perturbation theory. The theorem may be stated in the following way, 
If in a system there are two unperturbed wave functions, », and ,, having equal energies, H,, and Hg, (which 
we may put equal to H) their mutual perturbation will result in a splitting of this energy level into two (H + 
Hg) and (H ~ Hg), and the system will assume one or other of two allowed states corresponding with these 


levels (Fig. 2). The state which corresponds with the level (H + Hg) is a(), + ,) and that corresponding 
with (H — H;,) is b(), — ,). In the former State }, and , are vibrating in unison; in the latter they are in 
exactly opposite phases. 


The new term Hx which appears in these expressions and determines the extent of the splitting is known as 
an “ exchange integral.” The perturbation is due to the overlapping of the wave functions and the magnitude 
of Hg is determined by the extent of the overlapping. 


Fig. 2. 


ys, 


Since Hg like H is always negative, (H + Hg) is the lower of the two levels and the corresponding state a(), + 
,) accordingly represents the ground state of the system (Fig. 2). 

In the benzene molecule the wave functions }, and ,, representing the two Kekulé formule, evidently 
overlap. They will therefore undergo mutual perturbation and, in consequence, the system will have to assume 
one or other of two new states—either a(}, + q) of energy (H + Hg), or b(), — $,) of energy (H — Hy), 
where Hp, as above, denotes the exchange int . ° 

Of these states a(), + ,), representing the resonance hybrid of the two Kekulé formule, has the lower 
energy and is therefore the state which the molecule must normally assume; * the other is an excited state. 
The energy Hg by which the ground state is stabilised relatively to the individual Kekulé structures is the 
“ resonance energy.” 

There is another important effect which is always associated with the mutual perturbation of electronic 
states of equal energy. The system behaves in some respects like a pair of loosely coupled pendulums of equal 
frequency. It pulsates between the two states and it can be shown—quite generally—that the frequency of 
the pulsation is 2Hyh/, where h is Planck’s constant. 

- Kekulé’s suggestion that the system of double bonds in the benzene molecule oscillated between their two 
possible positions was therefore to a large extent correct, though Kekulé was of course ignorant of the essential 
point that this oscillation is associated with a large amount of resonance energy which stabilises the molecule 
and thus causes the observed reduction of the unsaturation normally associated with double bonds. 

The frequency of this oscillation, calculated from the estimated value of the benzene resonance energy, is 
of the order of a thousand times the vibration frequency of the carbon nuclei. The molecule can therefore never 
settle down into one of the states which the Kekulé formula really denotes with alternate distances of 1-544. 
and 1:33 a. between the carbon nuclei, but remains in an intermediate form with a uniform internuclear 
distance of 1:39 a. Similar considerations evidently apply to other resonating systems, such as the nitro- 
group, or the anions of the carboxylic acids. 


* Actually the ground state includes small contributions from other less important structures. 
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We may note in passing that the foregoing principle provides a general explanation of the covalent link. In 
the hydrogen molecule, for example, where we have two nuclei, a and 6, and two electrons, (1) and (2), there 
must be two states of equal energy; ,, in which electron (1) is on a and electron (2) on b, and Uy, in which 
the two electrons are interchanged, so the (2) is on a and (1) on b. The equal unperturbed energies of these 
states (H,, and H,,) are made up of the energies of two isolated hydrogen atoms together with the potential 
energy due to their electrostatic interaction. 

The mutual perturbation of these states splits the energy level so that the system has to assume either the 
symmetrical state a(u, + u,) in which the energy is (H,, + H,,) or the antisymmetrical state b(u, — u,) in 


which the energy is (H,, — H,,), Hy, being the exchange integral. The symmetrical state, having the lower 
energy, is the ground state of the system. 


As the distance between the two atoms is diminished the overlap of u, and u, becomes greater and the 
magnitude of H,, is accordingly increased. Inthe symmetrical state this increase of H 32 as the distance between 
the atoms is lessened produces an attraction which draws the atoms together until an equilibrium position is 
reached where this attraction is balanced by the electrostatic effect, the major term in which is the repulsion ~ 
between the two nuclei. This repulsion increases Very rapidly with the diminution of the internuclear distance 
when this is less than about 1 a. 

In the antisymmetrical state, in which the energy includes the term — Hj, the atoms evidently repel 
one another. 

It is, I think, profitable to consider these questions also from another, more elementary and less generalised 
point of view—one which has the advantage however of being more indicative of the physical nature of the 
processes concerned. If we take, for example, the simplest of all chemical compounds, the hydrogen molecule 
ion—in which two protons are linked by one electron—we may regard the bond energy as resonance eongy 
arising from resonance of the electron between the two states : 


(.) H-----3 H+ 


But we may also regard the bonding as brought about in the following manner. In a hydrogen atom in its 
ground state the electron forms a spherically symmetrical standing wave centred on the nucleus, the amplitude 
of the wave along any line through the nucleus A (Fig. 3a) being represented by a curve of the type a. 


Fie. 3a. 
a 5 
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Fy 
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If a second hydrogen nucleus B is , placed on this line at such a distance that there is an appreciable overlap 
between @ and the corresponding curve b for B, as indicated in the diagram, there will be a finite probability 
that the electron centred on A will find itself to the right of O, the midpoint between A and B. It will then 
be in a region where the field of B is the stronger, and when this occurs the electron will be captured by B and 
a transition from structure (I) to structure (IT) will result. 

There will then be the same probability of transition back to structure (I), so that a continuous exchange of 
the electron between the two nuclei will proceed at an average rate determined by the overlap of the two wave 
functions, and the probability of finding the electron on B will be equal to that of finding it on A. 

In the absence of B the probability of finding the electron at a point P is given by the square of the ampli- 
tude PP’ of the wave at that point. When the second nucleus is brought up to B this probability is halved 
(to a first approximation) and thus the ordinate of the curve at P is reduced to P/+/2. 

Hence to represent the compound H,* we must begin by re-drawing Fig. 3a, reducing the vertical scale by 
the factor 1/4/2 and removing the distinction between curves aand b. We must also take into account the fact 
that the presence of the nucleus B destroys the spherical symmetry of the field round A, increasing the prob- 
ability of finding the electron on the side towards B; the form of the wave centred on B is of course corre- 
spondingly distorted. We thus get a diagram of the type indicated in Fig. 3b. 

We have now to consider the superposition of the waves represented by a and b, and this depends on their 
relative phases. We have already seen that there are only two possibilities; the phases have to be either the 
same (as shown in the figure), or exactly opposite. We are concerned now with the former condition, since the 
latter does not lead to compound formation. 

We may begin then by adding the amplitudes of the components a and 6 in accordance with the law for 
compounding waves, thus obtaining the dotted curve a’acbb’ of’ Fig. 3b. This curve represents an element of 
a standing electron wave enveloping both nuclei. We have however also to take into account another funda- 
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mental principle of wave-motion, namely that the intensity of a wave is proportional to the square of its ampli- 
tude. The intensity {7 of an electron wave at a point is interpreted as the probability of finding the electron 


there—or, more precisely, the probability of finding the electron in the element of volume dv at P is y* dv. 
Hence, if the electronic charge is taken as unity, Y can alternatively be regarded as the time-average of the 
negative charge density at P. 

Covalent bonding is a consequence of the two elementary principles of wave-motion : (1) that when waves 
are superposed the resultant amplitude is the sum of the component amplitudes, and (2) that the intensity of a 
wave is proportional to the square of its amplitude. For if u is the amplitude of each of the component waves 
a and b at the midpoint O between the two nuclei (Fig. 3b) the resultant amplitude there will be 2u and the 
corresponding charge density will be 4u*. But if we had merely added the individual charge densities (u*) of 
the two components—as we should have done if electron clouds behaved like gas clouds—the resulting density 
would only have been 2u?.. Hence the resonance between the two halves of the electron wave produces an 
amplification of the charge density at O which, to a first approximation, doubles its value there. 

It will now be seen that the vertical scale of the curve a’acbb’ must be modified. The diagram as it stands— 
with the component and resultant curves drawn to the same scale—indicates an increase of negative charge 
density wherever there is an appreciable overlap of the wave functions without any compensatory decrease. 
The increase of charge density in the region of maximum overlap however clearly requires a decreased density 
elsewhere in order that the total electronic charge may remain constant. 

It can readily be shown that the reduction factor for the vertical scale of the curve representing the resultant 
wave should be 1/+/2(1 + S), where S is the value of the ‘‘ overlap integral,” {abdv, taken over the whole of 
space. 

The changes which the resonance effect brings about in the charge distribution along the line through the 
nuclei AB (which are representative of those along. parallel lines) can be seen from Fig. 4. In Fig. 4a the 
continuous curve indicates the actual density distribution (obtained by squaring the ordinates of a’acbb’ after 
applying the proper reduction factor). The dotted curve shows what the distribution would be if there were 
no resonance effect (i.e., it represents the sur of the squares of the ordinates of the curves a and b of Fig. 3b). 
Fig. 4b shows the difference between the two distributions on an enlarged vertical scale and it can be seen from 


this how the charge is drawn out of the regions about the nuclei into the space between them. The general 
distribution of the electronic charge brought about in this way is indicated in Fig. 5. The negative charge 
drawn by resonance into the central space attracts both nuclei and causes them to move towards one another 
till an equilibrium position is reached at which this attraction is balanced by their more rapidly increasing 
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mutual repulsion. Thus, in consequence of its wave-nature, the electron vane a bond between the two nuclei 
and the compound [H,]* results. 


\ 


We may next consider the hydrogen molecule. In this the bond is formed by two electrons of opposite 
spins and the bonding is brought about by processes of the same kind as are operative in the molecule-ion. 
When the two atoms are near enough together to allow of an appreciable overlap of their 1s wave functions, 
each electron wave spreads round both nuclei and in each wave self-amplification takes place in the region 
between the nuclei, causing an accumulation of negative charge there in the manner already explained. The 
total accumulation of negative charge in this region, arising from both electrons, then exerts an attraction on 
the nuclei, as in the molecule-ion, and thus bonds the two atoms together. 

The contribution of each electron to the bond strength is less in the molecule than in the molecule-ion since, 
when two electrons are present, each lessens the strength of the field in which the other is moving. Otherwise 
the two electrons do not greatly interfere with one another—they are rarely (only about 4% of the time) both 
on the same nucleus—and the bond-energy of the hydrogen molecule, instead of being twice, is 1-7 times that 
of the molecule-ion. Also—on account of the greater total resonance attraction due to two electrons—the 
bond-length is considerably less in the molecule (0-74 a.) than in the moleéule-ion (1-06 A.). 

The increased bond energy which results from the resonance of the two Kekulé structures for benzene can 
be interpreted in a similar way as arising from the amplification of charge density which takes place in the 
regions between the nuclei when an electron wave spreads round more than one nucleus. 

It is convenient to regard the benzene nucleus as built up of carbon atoms whose valency systems are based 
on the trigonal wave functions of carbon. These wave functions (which result from the hybridisation of one 


z’ 
2s- with two 2-wave functions) give three strong coplanar bonds, P, Q, R, with intervalency angles of 120° 
(Fig. 6a), the fourth valency being derived from a 2p-electron having its symmetry axis zz’ perpendicular to the 
plane of the trigonal bonds. 

When a benzene nucleus is constructed from carbon atoms with valencies thus arranged the trigonal bonds 
will yield a strainless hexagonal frame-work and in addition there will be a 2p-electron on each carbon atom 
as indicated in perspective in Fig. 6b. These 2p-electrons with symmetry axes perpendicular to the plane of 
the hexagon are termed x-electrons (Hickel), or mobile electrons (Lennard-Jones). They form dumb-bell- 
shaped electron clouds as indicated in Fig. 6a and they are represented in Fig. 6b for simplicity by their 
symmetry axes only. 

The unique character of the aromatic hydrocarbons is thus chiefly dependent on two factors ; the first of these 
is the number of atoms in the ring—a ring of this type can only be plane and strainless if it contains six atoms— 
the second is the presence of an even number of mobile electrons, one for each atom of the ring, giving strong 
additional bonding between the ring atoms and at the same time conferring a special type of reactivity. 

The manner in which a pair of x-electrons on two adjacent carbon atoms give rise to a bond — the 
second component of a double bond in the Kekulé formula) is indicated in Fig. 7. 

Each of the two electrons is shared equally by both nuclei and in consequence resonance amplification of 
the negative charge density takes place in the regions of overlap of the dumb-bell-shaped electron clouds in the 
manner which has been explained for the electrons of the hydrogen molecule. In this way a distribution of 
negative charge is brought about which will evidently tend to draw the (partially screened) positively charged 
nuclei together. 

A Kekulé formula with the three double bonds in a fixed position implies that an electron found momentarily 
on, for example, carbon atom 2 is shared only between this and carbon atom 1. Such a limitation is however 
evidently unjustifiable ; there is an equal probability of its being shared with carbon atom 3. This would mean 
that the electron wave, instead of spreading round two atoms only, | and 2, spreads round three atoms, 1, 2, and 


3. Still further extensions of the wave of a mobile electron are possible; there is a certain probability of its 
extending round all six carbon atoms. 
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Between each pair of nuclei round which the electron wave extends, amplification of the charge density will 
be brought about by resonance in the manner already explained. This causes, as we have seen, a withdrawal 
of charge from the regions of maximum density into the bonding regions between the nuclei. 


Plane of Fic. 7. 
ring 
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Now the greater the number of nuclei round which the electron wave spreads the greater is the proportion 
of the electronic charge drawn by resonance into the bonding regions and the greater the total contribution 
made by that electron to the bond energy. From the present point of view then we can see in this effect the 
cause of the additional bond energy in the benzene molecule compared with that which a single Kekulé struc- 
ture would yield. Each electron wave spreads on the average over more than two ring atoms and thus makes 
a greater contribution to the bond energy than it would if subject to the restraint implied in the Kekulé formula. 

I turn now to the question of the reactivity of aromatic compounds. During the present century there has 
been a great advance in our understanding of the factors controlling the entry of substituents into the benzene 
nucleus and in this advance much of the pioneer work has been due to British chemists. 

A fundamental step—which we owe in great measure to Lapworth—was the recognition of the importance 
of the polarity of the substituent group. Since most of the groups capable of direct introduction into aromatic 
compounds belong to the class which Lapworth termed kationoid, they would be expected to attack preferentially 
carbon atoms having negative relative polarity. F : 

The way in which a substituent group could influence the polarities of the benzene ring atoms through 

‘inductive, and especially through electromeric effects was pointed out by Robinson. Robinson also showed 
how these effects could be expressed in terms of Lewis’s electron theory of valency. His conclusions ‘were 
strikingly confirmed by Sutton’s comparisons of the electric dipole moments of corresponding aliphatic and 
aromatic compounds. These showed that the electron shifts required by Robinson’s theory did in fact take 
place. ; 

During the last decade the fundamental features of aromatic chemistry have received great illumination 
from the theory of resonance and we are indebted especially to Pauling for very clear explanations of the applica- 
tion of this theory to carbon compounds. 

In chlorobenzene, for example, from the o-p-orientation of an entering second substituent we infer the 
presence of excess negative charges on the o- and p-carbon atoms. We know that these cannot arise through 
the inductive action of the chlorine-carbon dipole, since this would have the contrary action. We must conclude 
therefore that they come from the chlorine atom through an electroméric shift, and this is confirmed by the fact 
that the molecular dipole of chlorobenzene is less than that of the alkyl chlorides, showing the existence in the 
aromatic chloride of a dipole opposing the chlorine—carbon dipole. 

In terms of the theory of resonance we should accordingly regard the chlorobenzene molecule as a resonance 
hybrid of the conventional structure (III) with three electromeric modifications formed from (III) by the loss 
of an electron from the chlorine atom and the gain of one by an o- or p-carbon atom of the ring. The p-form 
is shown in (IV). In these diagrams the benzene ring is shown in perspective; a vertical line represents a 


mobile electron (its symmetry axis) and a pair of vertical lines represents two paired electrons in a single orbital. 
The horizontal dotted lines indicate coupling between the electrons; the coupling shown in the conventional 
structure should be understood to comprise the five canonical structures included in the benzene ring. 

We have then in (III) and (IV) two states of the same system, whose wave-functions we’ may denote by 
and },. Since the energy H, corresponding with ), is evidently much lower than that H, corresponding with 
), we have a case of the mutual perturbation of two states of unequal energy. It can be shown that the results 
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of this must always be to cause the system to assume one or other of two allowed states whose wave-functions 
are linear combiziations of and One of these is a stable state (ap, +- of energy (H, + H the other 
is an activated state (a), — ®,) of energy (H, — Hp). The resonance energy Hp, which enters into these 
expressions, is, like H, and H,, always negative. The effect of the perturbation is therefore to push the energy 
levels further apart. 

_ The magnitude of Hp depends partly on the extent of the overlap of }, and |, and partly on the difference - 
between their energies. Hy increases as the overlap increases; it also increases as H, and H, become more 
nearly equal. These relationships are illustrated in Fig. 8, which shows how the energy of the system varies 


Proportional contributions of 


% 


with the relative contributions, «* and §*, of the two states. The system assumes the state of minimum energy, 
and in order to do this it has-—at first sight paradoxically—to obtain a contribution from the state of higher 
energy. This is however a necessary consequence of the wave nature of the electron and the laws which govern 
the interaction of vibrating systems. These principles explain why the electromeric changes take place and 
thus how it comes about that substituents influence the polarity of the carbon atoms of the benzene ring. 

Experimental evidence that the chlorobenzene structure does indeed include a contribution from structure 
(IV), which shows a double bond between chlorine and carbon, is given by electron diffraction measurements. 
These indicate a shortening of the chlorine-carbon link corresponding with about 15% double-bond character. 

The presence in the chlorobenzene structure of a contribution from structure (IV) also gives the reason for 
one of the most distinctive characters of aromatic halogen derivatives—their resistance to reagents which 
normally bring about anionic exchange. On the one hand, the partial double character of the chlorine-carbon 
link gives a stronger binding of the chlorine atom to the nucleus; on the other hand, the formal positive charge 
on the chlorine atom lessens its tendency to escape as an anion. 

The toluene molecule formerly presented difficulties of interpretation. It was not easy to see what process 
could bring about a passage of negative charge from the methyl group into the aromatic nucleus—yet the 
behaviour of toluene towards substituting agents, as well as its dipole moment, indicates that such a passage 
does take place. There now however seems reason to believe that we may assume an appreciable probability 
for the existence of ionic structures like that represented in (V), in which a hydrogen atom of the methyl group 
has lost an electron and the para- or (as shown in the diagram) one of the ortho-carbon atoms has gained one. 


The toluene molecule would then be a resonance hybrid in which the carbon atoms would have acquired the 
requisite polarities. 


If we grant that a methyl group can change in this way when attached to a system capable of taking up 
an electron, we can explain, not anly the behaviour of toluene, but also the abnormal bond lengths in methyl- 
acetylene [through resonance of the conventional structure with structures like (VI)] and the greater tendency 
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That the configuration of CH, is not quite the same in methyl as in doubly-linked methylene should only 
partially affect the energy due to resonance between such structures. 

The influence of a nitro-group on the reactivity of benzene is of special interest. This substituent is char- 
acterised by the presence of a dipole having its positive end towards the ring. Though the dipole must have 
an inductive action on the mobile electrons similar to that of a positive pole (like NMe,*+ in trimethylanilinium 
salts), its effect will be much weaker, and the effects of the group on the relative polarities of the ring atoms, 
causing meta-substitution, are attributed chiefly to the electromeric transformations made possible by the 
presence in it of a double bond. 

Thus the nitrobenzene molecule can be represented as a resonance hybrid in which the conventional struc- 


ture (VIII) (which includes resonance within the nitro-group) receives contributions from structure (IX) and its 
two ortho-analogues. 


(VIII.) 


The view that the nitrobenzene structure includes contributions from these electromeric forms requires 
that the two oxygen atoms of the nitro-group should lie in the plane of the benzene ring. It thus finds interest- 
ing support in the observation of Birtles and Hampson that the presence of two ortho-substituents largely 
inhibits the normal electromeric effects in an aromatic nitro-compound as indicated by the dipole moment— 
presumably by keeping the plane of the nitro-group out of the plane of the ring. 

The behaviour of the halogen derivatives of nitrobenzene gives particularly strong support to the polarity 
theory. Ifa nitro-group brings about meéa-substitution by giving the ortho- and para-carbon atoms a resultant 
positive charge, then, whilst making them less reactive to kationoid groups, it should make them more reactive 
to anionoid reagents—and it is very well known that they are. 


‘ 


Thus the p-carbon atom in p-nitrochlorobenzene is readily attacked by anions, such as the hydroxyl ion, 
with the ejection of a chloride ion—as is also the o-carbon atom in o-nitrochlorobenzene—whilst the m-chlorine 
atom in m-nitrochlorobenzene shows the immobility normally characteristic of aromatic chloro-derivatives. 
Since the loss of an electron by the p-carbon atom in the structure (X) not only leaves it with a positive charge, 
but also with a “‘ sextet ’’ valency system like that in boron trichloride, it seems clear that a contribution from 
(X) to the molecular structure should increase the mobility of the chlorine atom. 

It has long been recognised that the influence of the nitrogen atom in pyridine on the reactivity of the rest 
of the molecule resembles that of the {C(NO,) complex in nitrobenzene. This resemblance can be clearly 


+ (XII) 


explained if “we regard pyridine as a resonance hybrid of the conventional structure (XI) with contri- 
butions from the structure (XII) and its two «-analogues. Similarly the readiness with which the methyl- 


(XIII) (XIV.) 


pyridinium ion is attacked by the hydroxyl ion with the formation of a ‘‘ pseudo-base ”’ is at once intelligible 
if methylpyridinium (XIII) is a resonance hybrid containing a contribution from structure (XIV). No 
doubt a corresponding process plays a part in determining the oxidisability of nitro-substituted benzenes in 
alkaline solution. 

Thus the resonance theory provides a rational explanation of the principal substitution phenomena in 
aromatic compounds. Thése compounds have however other distinguishing features. Of these the’ chief 
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are: (1) the stability of the halogen derivatives, (2) the acidity of the hydroxyl derivatives, (3) the feeble 


pasicity of the amino-compounds, and (4) the convertibility of the amino-compounds into diazonium salts. 


The stability of the halogen derivatives we have already considered. The acidity of phenol is an immediate 
consequence of the stabilisation of the phénoxide ion by resonance with structures like (XV), since the electro- 


+OH +NH, 


(XV.) (XVI) (XVIL.) 


lytic dissociation constant of a compound at a given temperature is determined by the free-energy change of 
ionisation. The resonance energy which phenol itself obtains from the corresponding electromeric processes is 
much less, since the production of its electromeric forms [e.g., XVI)], requiring the separation of electric charges, 
involves a greater energy change; and we have seen that the greater the qpnergy difference of two states the less 
their resonance energy. 

The feeble basicity of aniline can be accounted for in a similar way. In the free base electromeric changes 
[e.g., (MVII)] are possible, leading to resonance stabilisation. Conversion of the amino-group into the ammon- 
jum residue, —NH,*, stops these changes by “ome 4 the lone pair on the nitrogen atom. Thus the base is stabilised 
relatively to the ion and ionisation is diminished 

The fourth characteristic—that aromatic amines can be diazotised—can be referred to the stabilisation of 
the diazonium ion: by resonance between the conventional structure (XVIII) and electromeric modifications, 


(XVIIL) (XIX.) 


an ortho-form of which is represented by (XIX). This explanation is supported by the well-known exchange 
reactions of o- and p-substituent halogen atoms in diazonium salts, which take place too readily to be accounted 
for by the presence of the positive pole. In aromatic compounds such anionic exchanges seem only to occur 
when there is resonance with an electromeric modification which has a formal positive charge on the ring atom 
carrying the halogen, as in halogen-substitution derivatives of nitrobenzene or pyridine, or of the triphenyl- 
methyl kation. 

A long-standing problem whose solution—in its main outlines—is clearly indicated by the resonance theory 
is that presented by the remarkable relationship which certain five-membered heterocyclic compounds— 
notably thiophen, and in a lesser degree pyrrole and furan—show to the aromatic series. 

In these compounds the conventional formula shows a butadiene residue with its terminal carbon atoms 
CH!CH—CH:cH linked through a bivalent atom or group (=S, =NH, or =O)—as in pyrrole (XX). It is 

evident however that some interaction takes place between the butadiene residue and the 

Pd bridging atom which cannot be expressed by the unaided structure theory. In thiophen, 

for example, the butadiene residue has lost its usual additive properties and reagents like 

(XX.) bromine or sulphuric acid act on it substitutively ; the sulphur atom also has lost the power 

which it would normally have in a thio-ether of yielding a sulphonium salt with methyl iodide, and of giving a 
sulphoxide or a sulphone with oxidising agents. 

Now the heats of combustion of thiophen, pyrrole, and furan are considerably smaller than would be expected 
for compounds of their conventional formula—Pauling and Schomaker (J. Amer. Chem. Soc., 1939, 61, 1769) 
estimate the differences as 31, 23, and 23 kg.-cals./mol. respectively. 

The substances are therefore presumably resonance hybrids and the structures with which the conventional 
structures resonate are not far to seek. In each of these compounds the bridging atom has at least one lone 
pair of electrons and we may assume a finite probability for electronic arrangements in which this pair is resolved 
and a pair is found on one of the ring carbon atoms as indicated in ng a se (XXII), (XXII), and (XXIII) for 


(XXI.) (XXIL.) . 


thiophen. Along with the conventional structure (KXI) there are two possible structures of type (XXII) 
and two of type (XXIII), and the actual structure results from resonance between the five forms. This view of 


‘the constitution of thiophen explains its more characteristic properties. The formation of an addition product 


with bromine, for example, would abolish the resonance by making the ring carbon atoms incapable of accepting 


an additional electron. Hence on treatment with bromine it is the more stable substitution products which 
result. 5 
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That kationoid substitution is more readily effected in thiophen than in benzene is evidently to be attributed 
to the resultant negative charges on the carbon atoms due to the presence of contributions from the structures _ 
(XXII) and (XXIII). Thiophen does not combine with methyl iodide because the resulting sulphonium iodide © 
would lack most of the resonance energy by which thiophen itself is stabilised. The corresponding electromeric 
changes would be resisted by the formal positive charge on the sulphur atom and probably also by a firmer 
binding of the remaining lone pair of electrons. The energy differences between the conventional and the 
electromeric structures would thus be large and the resonance energy correspondingly small. 

The chief characters of pyrrole can also be explained. When pyrrole forms a salt with acids the addition of 
the proton fixes the lone pair on the nitrogen atom and thus abolishes the resonance. Hence pyrrole is a very 
weak base and ifs salts are highly unsaturated and consequently rapidly undergo condensation and resinification, 

On the other hand when pyrrole is treated with potassium the removal of the nucleus of the N-hydrogen 
atom leaves an anion in which the resonance energy is greater than in pyrrole itself for reasons similar to those 
already given in connexion with the phenoxide ion and phenol, as will be apparent from the following formulz : 


H 


H 
(XXIV.) (XXV.) 


In pyrrole itself the production of the electromeric forms ([e.g. (XXIV)] requires the separation of opposite 
electric charges ; in the pyrrole anion (XXV) it does not. The acidic properties of pyrrole are thus explained. 

There is also a distinct similarity. between the electromeric forms of the pyrrole anion (XXV) and those of 
the phenoxide anion, and the presence of contributions from these forms will cause the two anions to resemble 
one another in having comparatively large resultant negative charges on the ring carbon atoms («- and 6- in 
the pyrrole anion; o- and p- in the phenoxide ion). We may see in this resemblance the cause of the remarkable 
analogy which pyrrole in many of its reactions shows to phenol. 

The third member of the group, furan, shows distinctly less relationship to the aromatic series. This we 
should expect. It is evidently, as Pauling has pointed out, because the very electronegative oxygen atom has 
a smaller tendency than nitrogen or sulphur to assume the positive charge which the resonating structure 
requires. 

Experimental evidence in support of these structures is given by the bond lengths between the hetero-atom 
and the a-carbon atoms, which have been measured by electron diffraction (Pauling and Schomaker, J. Amer. 
Chem. Soc., 1939, 61, 1769). A shortening, showing that these bonds actually have a partial double-bond 
character as the resonating structures require, was in fact indicated by these observations, and the amount of 
the shortening showed that the contribution from the electromeric forms was greatest in thiophen (ca. 17%) and 
least in furan (ca. 5%). 

We can thus interpret the broader outlines of the chemistry of the aromatic series in terms of a picture 
representing the ground states of aromatic compounds as resonance ngeanes in which the conventional structure 
is stabilised by contributions from electromeric modifications. 

We know however that, in order to react, the compounds must take up energy of activation. Hence to 
understand their reactivity it is essential to know the structure of the activated forms. One cannot help 
noticing that reactions of aromatic compounds can frequently be most simply represented when we assign to 
the reactants—not the conventional structure—but that of an electromeric modification although this contri- 
butes in only a minor proportion to the ground state. Inthe aliphatic series also one may find the same thing— 
resonance hybrids seeming to react in the form of one of the less stable contributors to the ground state. A 
well-known example is the anion of acetoacetic ester which seems to react with alkyl halides in the modification 
which has the negative charge on the a-carbon atom (the alkyl radical presumably undergoing inversion, see 


inset). 

tf ci One might be tempted therefore to suppose that. the reactive forms were the 
oF CO,Et activated states (ap, — By,) represented in Fig. 8 (in which the electromeric 
modifications form the major contributions) were it not that the energy differences 
between these and the ground states are presumably far greater than the energies of activation indicated by 
the temperature coefficients of the reaction velocities. We have however to remember that the immediate 
precursor of a reaction is the intermediate compound existing at the summit of-the energy pass through which 
the reactants travel to yield the products, and it is perhaps not impossible that a resonance hybrid may enter 

into this intermediate compound in the activated form of Fig. 8. 

Chemistry is more interesting now than it ever was. There is more logical connexion between the facts. 
But the amount the student has to learn is greater and the temptation to overspecialise much increased. Our 
deeper knowledge enables us now to see things in truer perspective and the teacher needs more than ever to 
seek out the essentials and to find the simplest methods of presentation and so to help the student on the long 
road he has to travel to the stage where he can undertake independent research. 
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Chemotherapy in Tropical Medicine. 
A LECTURE DELIVERED BEFORE THE CHEMICAL SOCIETY ON FEBRUARY 17TH, 1944. 
By A. J. Ewrns, F.R.S. 


THE outstanding successes achieved in recent years by the therapeutic employment of the sulphonamide 
group of drugs has, perhaps, tended to overshadow the wider aspects of chemotherapy and the service it has 
rendered to medicine in other fields. The sulphonamides are now employed in all parts of the world and, 
in the past few years, they have revolutionised the treatment of many diseases due to bgcterial infections. 
In the same field, the even more amazing chemotherapeutic properties of the mould metabolism product, 
penicillin, which are now being brought to light, have still further emphasised this aspect of chemotherapeutic 
achievement. 

Bacteria are, however, not the only infecting crganisms, and virus, protozoal and parasitic infections are 
responsible for many diseases. In the tropics in particular, infection both of men and of animals by protozoa 
and by parasites has been one of the greatest handicaps to the full economic development of many areas, 
and the toll of life due to the ravages of such diseases has been and still is enormous. I propose, therefore, 
this afternoon briefly to review some of the successes which have been achieved in attempts to find chemo- 
therapeutic agents which can be used safely and effectively, either to cure or to alleviate the effects of such 
infections. The diseases thus caused are generally referred to as “‘ tropical diseases,” but it must be remem- 
bered that bacterial infections are no less common in the tropics—that tuberculosis, pneumonia, meningitis 
and other ills are just as rife there as in more temperate zones, and often more devastating in their effects. 

Early in the present century, the incidence of trypanosomiasis, or “‘ sleeping sickness,’’ in Central Africa 
had become a very urgent problem. In some districts its ravages were such that the native population was 
being rapidly and very considerably reduced in numbers. It is recorded that, in one district alone, during a 
severe epidemic, some 60% of the population lost their lives in the course of afew years. Even at the present 
time it is estimated that something like a million natives may be treated for this disease in a single year. 
Fortunately the white races are less susceptible and rarely become infected. 

Although sleeping sickness had been recognised for several hundred years, it was not until the beginning 
of the present century that it was first shown to be due to infection with trypanosomes. Some years earlier, 
in 1880, T. evansi had been shown to be the cause of te surra,”’ a disease to which horses in India are subject, 
and in 1895 T. brucei was shown to be the causative agent of a similar disease, affecting both horses and 
cattle in South Africa. 

The trypanosome responsible for Auises sickness in man was first demonstrated by Ford and Dutton, in 
1901—1902, and was named T. gambiense. In 1902 Castellani found, in both the blood and the cerebro-spinal 
fluid of five cases, a trypanosome which was finally identified as T. gambiense. These observations were 
confirmed in the following year by Bruce and Nabarro. 

At this time, Ehrlich was carrying out researches into the mode of distribution of drugs in the body, with 
a view to putting the development of such products for therapeutic employment on a rational basis. In his 
investigation he was led to the study of the selective affinities of certain dyes for the cells of the blood and 
various organs of the body. The work of Laveran and Mesnil, who had succeeded in 1902 in producing 
experimental trypanosomiasis in rats and mice, afforded a ready means of observing the effect of such dyes 
on the living trypanosomes, and in 1904 Ehrlich and Shiga demonstrated that a new dye of the benzidine 
series, trypan-red, showed marked trypanocidal action in mice infected with T. equinum. A year or two 
later, in 1906, Nicolle and Mesnil examined a number of other dyes of the same series and found that trypan- 
blue was even more effective when tested in mice infected not only with T. equinum, but also with T. brucei. 
Moreover, they were able to show some general relationships between constitution and trypanocidal action in 
this series. None of these products proved to be of practical therapeutic value, but the work afforded a 
starting point for research which led ultimately, some years later, to the preparation of Bayer 205 (suramin), © 
a drug which has been found to be of great value in the treatment of human trypanosomiasis. 

Meanwhile, by 1905, the protozoacidal properties of atoxyl in a variety of animals infected with various: 
pathogenic trypanosomes had been demonstrated at Liverpool by Thomas and Breinl. Ehrlich and his 
collaborators, however, having established that this product, which had been regarded originally as the anilide 
of phenylarsonic acid, is the sodium salt of p-aminophenylarsonic acid, proceéded to develop and ‘investigate 
a series of organic compounds of arsenic, their work culminating in the discovery of salvarsan (arsphenamine) 
and, a little later, of its more soluble derivatives, neoarsphenamine and sulpharsphenamine. ; 

As everyone knows, these products afforded a rational and successful means for the treatment of syphilis— 
one which endures to this day. It is perhaps less well known that neoarsphenamine, which is the product by 
far the most widely used, is equally effective in the treatment of yaws, a tropical disease resembling syphilis 
in some of its aspects and prevalent i in many countries, especially among the natives of Central Africa. This 
drug is also successfully employed in the treatment of a group of tropical relapsing fevers which, like yaws, 
are caused by spirochztal infections. 

It was this outstanding success which gave to research in the field of chemotherapy that impetus which 
has been so fruitful of results in recent years.. Much of the early work was naturally directed to extending 


d 
. 
le 
ic 
or 
1e 
of 
n, 
te 

of 
le 

in 
ale 
we 
1as 
om % 
er, 
nd 
of 
nd 
ure 
ure 
to ‘ 
elp 
| to 
tri- 

A 
ion 
see 
the 
eric 
ices 
by 
iate 
rich 
ater 
cts. 
Our 
r to 
ong 


352 - Ewins : Chemotherapy in Tropical Medicine. 


our knowledge of the chemotherapeutic possibilities of the organic compounds of arsenic. Since Ehrlich’s 
original discovery, research in this field has been phenomenal and there must be many hundreds of compounds 
‘which have been examined for trypanocidal and similar properties. Atoxyl has already been mentioned. 
For the treatment of sleeping sickness, however, it proved far from satisfactory, mainly owing to the high 
incidence of visual disturbance, and even of blindness on occasion, following its use. 

In 1919 Jacobs and Heidelberger first prepared tryparsamide (sodium N-phenylglycinamido-p-arsonate), 
and on the basis of the experimental demonstration of its trypanocidal properties against a variety of trypan- 
osomes, Brown and Pearce suggested its use in the treatment of sleeping sickness. Although not a remarkably 
powerful protozoacidal compound, it has the advantage that it penetrates into the cerebro-spinal fluid and is 
consequently effective in the later stages of the disease in which the central nervous system is involved. In 
conjunction with Bayer 205, to which I shall refer again, tryparsamide is now employed as the standard 
method for the treatment of sleeping sickness in British territories. In French Equatorial Africa orsanine © 
(sodium o-hydroxy-p-acetamidophenylarsonic acid), prepared and studied by Fourneau in 1923, has been 
largely used in place of tryparsamide and is hence sometimes misleadingly referred to as‘the French “ equi- 
valent ” of the latter. It is useful in all stages of the disease and, according to Hawking, Hennely, and 
Quastel, is, when injected intravenously, at least equal if not superior to tryparsamide in its ability to render 
the cerebro-spinal fluid trypanocidal. 

Many attempts have been made to improve upon these products and within recent years neocryl (sodium 
succinamidomethylamido-p-arsonate), first prepared by Morgan and Walton in 1931, has been the subject of 
clinical trial in African sleeping sickness. It has, however, proved somewhat less effective than tryparsamide 
and it is not free from the disadvantage from which the latter suffers, namely, the risk of amblyopia following 
its employment. 

More recently, Friedheim has prepared *and reported on the clinical trials of two new organo-arsenic 
compounds, 4197 and 4289, which it is claimed show considerable advantages over earlier discoveries. The 
more promising of these appears to be Friedheim 4197, obtained by coupling arsphenamine with a naphthol- 
disulphonic acid. According to Friedheim the strongly acidic group present in such products facilitates 
their passage into the cerebro-spinal fluid. Unfortunately war a have interrupted the clinical trial 
of this compound. 

I have already referred to Bayer 205. This product, which hes been variously known as moranyl, antrypol 
and germanin and is now officially termed suramin, was originally introduced by the great German firm 
which the original designation indicates, and it was mentioned in the literature in Germany in 1919. Its 
constitution was not disclosed, however, until 1924, when Fourneau showed it to be the symmetrical urea 
of sodium m-benzamido-p-methylbenzoyl-l-aminonaphthalene-4 : 6 : 8-trisulphonate. As I have already 
mentioned, this important compound was the outcome of research based on the discovery by Ehrlich and 
Shiga in 1904 of the trypanocidal activity of trypan-red and by Mesnil and Nicolle a year or two later of that 
of afridol-violet. Experimentally the compound was shown to be of high trypanocidal activity and clinically 
it has proved to be an extremely valuable drug for the treatment of sleeping sickness in its early stages. It 
has little effect, however, on the later stages of the disease. For the treatment of African trypanosomiasis 
preliminary treatment by Bayer 205, followed by one or more courses of tryparsamide, gives the most 
satisfactory results, effecting an eventual cure in all but the most advanced cases. 

Towards the end of 1937, King, Lourie, and Yorke published a paper demonstrating the trypanocidal 
activity of a number of symmetrical aliphatic diamines, diisothioureas, diguanidines and diamidines and thus 
opened up a new line of research for the possible development of a series of chemotherapeutic agents in this 


field. The origin of this discovery is of considerable interest, for it was based on what appeared to be a- 


sound hypothesis which proved on investigation to be fallacious. 

From 1911 onwards, the importance of an adequate supply of glucose for the maintenance of the life of 
pathogenic trypanosomes in vitro had been observed by a number of workers, and in 1929 in the course of 
elaborating their method of maintaining living pathogenic trypanosomes in vitro at 37°, Yorke, Adams, and 
' Murgatroyd found that the presence of a relatively large amount of glucose in the nutrient medium was 
essential, an observation since confirmed by a number of other workers. Jancs6é and Jancsé, who had been 
concerned with the mode of action of Bayer 205, concluded that it acted by interfering with the carbohydrate 
metabolism of the trypanosome and, in 1935, proceeded to examine in experimental trypanosomiasis a number 
of guanidine derivatives known to possess hypoglycemia-producing properties. One of these, synthalin, 
decamethylene diguanidine dihydrochloride, which at one time had been suggested as a possible substitute for 
insulin, was found to exhibit trypanocidal action in mice infected with T. brucei, and Jancsé and Jancsé 
concluded that this was probably due to its hypoglycemic action thus depriving the trypanosomes of a 
sufficiency of glucose for their metabolic needs. 

- In the same year, Schern and Artagaveyta-Allende showed that synthalin had a definite therapeutic 
effect on rats infected with T. equinum and came to much the same conclusion concerning its mode of 
action. 

Not altogether satisfied that this explanation was correct, Warrington Yorke re-examined the whole 
question and, in collaboration with Lourie, showed that synthalin exerts a marked trypanocidal action in 
vitro, even in a concentration.of 1 in 200 million—a concentration quite insufficient to produce any appre- 
ciable degree of hypoglycemia in the normal animal. Moreover, they demonstrated that insulin itself has no 
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trypanocidal action either im vitro or in vivo, thus proving that the action of synthalin on the trypanosome is 
a direct lethal effect. 

Following up this observation, King prepared a series of compounds of similar type, varying the con- 
stitution in the manner which I have already mentioned. These substances were likewise shown to possess 
trypanocidal properties in varying degree, both in vitro and in vivo. The most active compounds were found 
in the diamidine series, that exhibiting the greatest activity being undecane-1] : 1l-diamidine. It was found, 
however, to be too toxic to be of practical value. 

We, in.our laboratories, set out to develop this new field in the hope of obtaining compounds which might 
find practical employment as chemotherapeutic agents. An account of this work was published in the 
Journal of this Society early in 1942. It was concerned mainly with a comparative evaluation of the 
chemotherapeutic properties of a number of symmetrically disubstituted aromatic diamidines. 

The first compound prepared and examined was 4: 4’-diamidinodiphenylmethane. It was chosen quite 
empirically as being of approximately the same molecular complexity as King’s undecane diamidine. As 
was expected, it proved to be definitely trypanocidal when injected into mice infected with T. equiperdum, 
put was less active than undecane diamidine. Nevertheless the result was encouraging and it was decided 
to extend the investigation. Several methods of so doing suggested themselves: these included the intro- 
duction of substituents into the aromatic rings, increasing the length of the hydrocarbon linkage, substituting 
bivalent atoms and groups, such as oxygen, sulphur or an imino-group, for one or more of the methylene 
groups in the linkage, the use of unsaturated linkages and studying the effect of substitution in the amidine 

up itself. ~ 

T adlegether we have so far examined about one hundred compounds. For activity in vivo it has been 
found essential that two amidine groups be present and while the most active diamidines are those in which 
these groups are in the 4: 4’-positions, the 3 : 3’-derivatives and also the unsymmetrical 3 : 4’-derivatives 
are but little inferior. Invariably monoamidines have failed to show any trypanocidal activity in the 
experimental animal. . 

Our original results appeared to indicate that alkyl or aryl substitution in the amidine group resulted in 
diminished activity, but more recent work suggests that this is not necessarily the case. Replacement of a 


_ methylene group in the linkage by oxygen led to increase; by an imino-group to some diminution; and by 


sulphur to a definite reduction of activity. Replacement of the methylene group by a carbinol or ketonic 
group brought about greatly diminished activity. 

Some of the more active of these compounds have been examined in greater detail and over a wide Tange 
of protozoal and parasitic infections by Yorke and Fulton. Their findings are summarised by Yorke in the 
following statement : 

“Certain of these aromatic diamidines exert a powerful curative action on T. rhodesiense infections, on 
Babesia canis infections and on Leishmania donovani infections, a less powerful action on T. congolense infection 
and on certain malarial infections of man and monkeys, but they have no effect on T. cruzi infections or on 
infections due to Spirochata recurrentis or to Spirella minus.” 

From the results of this experimental work it was concluded that from the chemotherapeutic point of view 
the most interesting of these compounds were 4: 4’-diamidinostilbene (stilbamidine), 4 : 4'-diamidinodiphen- 
oxypentane (pentamidine), 4: 4’-diamidinodiphenoxypropane (propamidine), and 4 : 4’-diamidinodipheny] 
ether (phenamidine). The chemotherapeutic ratios of the first three products, as determined by Yorke in 
mice infected with 7. rhodesiense, are from 15 to 5 times as great as that of tryparsamide. Their trypanocidal 
activity is very great; Yorke obtained permanent cures in infected mice, using doses of the order of 0-01 to 


‘0-05 mg. per 20 g. mouse. Chemotherapeutic ratios of the same order were obtained in our own experiments. 


Stilbamidine, pentamidine and propamidine have been the subject of clinical investigation in African 
trypanosomiasis and in kala-azar, a tropical fever due to infection with L. donovani. All three drugs were 
found to be effective in the early stages of trypanosomiasis, but their usefulness in the later stages is doubtful 


‘and much more work is needed in order to assess their real value. Like all powerfully active compounds, 


they are apt to give rise to toxic effects. Stilbamidine would appear to be too toxic for use in sleeping 
sickness, and pentamidine perhaps to be the most likely to prove of practical value. The products have been 
given both intravenously and intramuscularly. Intravenously they produce temporary, but sometimes — 
alarming reactions, such as flushing of the face, nausea, faintness, and an almost imperceptible pulse rate. 
These are due to’ a sudden but transient fall in blood pressure. Fortunately these symptoms are of short 
duration, passing off within a few minutes, or at most within 4 hour. The experimental findings suggest 
that these symptoms might be minimised by intramuscular or subcutaneous administration. 

In the treatment of kala-azar all three compounds have been shown to be curative and stilbamidine is, 
at present, the most widely used. The disease is widespread and is found in India, China, in the countries 
bordering on the Mediterranean and in the Sudan and elsewhere in North Africa. It is worthy of note that 
previous to the use of these amidines, kala-azar had been found to be amenable only to treatment with organic 
antimony compounds. In Mediterranean kala-azar, which is more resistant to treatment than that met 
with in India, cases resistant to antimony have been cured by the amidines, the first wholly organic compounds 
to be employed successfully for this purpose. 

Phenamidine has proved to be very effective in the treatment of B. canis, an infection to which dogs in 
the tropics are very liable. Warrington Yorke first drew attention to the curative action of the diamidines 
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in this infection. He found that the most active compounds were stilbamidine, propamidine and phenamidine 
and the curative effect of each of these has since been confirmed. Again stilbamidine is too toxic to be of 
‘real value. Phenamidine, however, has been reported by Carmichael, of the Veterinary Laboratory at 
Entebbe, to have a wide margin of safety and to be excellent in every way in the treatment of tick fever 
(canine babesiasis). Its main advantages are its specificity and therapeutic efficacy in a single dose, combined 
with low toxicity and absence of undesirable reactions. Relapses are few and, if they do occur, they usually 
respond to a second dose. Trials of this product in babesia infections of cattle and other animals are being 
carried out, but it is too early yet to assess its value in these infections. Prior to the discovery of the potency 
of the diamidines treatment had consisted in injecting trypan-blue or the German product acaprin (NN’-bis- 
methylquinoljnium-methyl sulphate-6-urea). The latter is apt, however, to produce toxic effects in the dose 
employed. 

I have already made brief mention of the use of antimony compounds for the treatment of kala-azar, 
In view of the chemotherapeutic value of arsenic compounds and of the traditional value of antimony in 
‘medicine, it was only natural that compounds of antimony should have been examined for similar properties, 
In 1908 tartar emetic had been shown by Plimmer and Thomas to possess some trypanocidal action. In 
1913 Vianna, in South America, was led to try its effect on oriental sore, a disease caused by infection with 
L. tropica. The results were favourable. They led Caronia and di Cristina to try the substance in Italy, in 
1915, for the treatment of infantile kala-azar (L. donovani), again with promising results which in turn were 
fully confirmed in that same year by Rogers, in the treatment of Indian kala-azar, and later by other workers, 

Tartar emetic and the corresponding sodium salt are somewhat unsatisfactory drugs, since they can only 
be given intravenously and, on injection, are liable to give rise to inflammatory processes leading not infre- 
quently to pneumonia. Nevertheless their introduction was a.triumph for chemotherapy. The death rate 
from kala-azar in India was of the order of 80—90% : on occasion it was even higher. The use of these 
products converted this high death rate into a recovery rate of a similar order. In view, however, of the 
toxic effects of these salts, research has been directed to the preparation of other organic compounds of 
antimony which should be more free from these disadvantages and a number of preparations of antimony, 
mainly derivatives closely allied to p-aminophenylstibonic acid, in which compound antimony is quinque- 
valent, have been prepared and tested and have proved much more satisfactory. Of these neostibosan, the 
diethylamine salt of p-aminophenylstibonic acid, and neostam, the N-glucoside of sodium -aminophenyl- 
stibonate, would seem to be in more general use at the present time. In addition mention should be made 
of urea stibamine and solustibosan. 

Urea stibamine, introduced in India by Brahmachari in 1922, was thought originally to be a simple 
combination of p-aminophenylstibonic acid with urea, but later work by Ghosh showed it to be a mixture of 
substances. Gray and his collaborators were able to demonstrate that it consisted of the disubstituted urea, 
symmetrical diphenylcarbamido-4 : 4’-distibonic acid, together with antimonic acid and some p-acetamido- 
phenylstibonic acid. It is quite widely employed and has been reported to be effective, but it has two 
drawbacks, its variable constitution and its instability. 

Solustibosan has recently been shown to be sodium antimony gluconate and there are favourable reports 

on its use in the treatment of kala-azar. : ; : 
_ Bilharzia is another tropical disease. It is caused by a parasitic worm, Schistosoma haematobium, infecting 
the bladder and urinary system. Another species, S. mansoni, produces intestinal lesions, visceral com- 
plications, enlargement of the spleen and cirrhosis of the liver. For the treatment of these infections tartar 
emetic is the usual remedy and is effective. Nevertheless its toxicity and the necessity for giving the drug 
intravenously are great drawbacks to its use. At the same time the compounds of quinquevalent antimony 
are of little or no value in the treatment of these infections. Attention has been directed, therefore, to the 
possibility of preparing tervalent antimony compounds which might be more satisfactory. For this purpose 
fouadin, the sodium salt of an antimony compound of catecholdisulphonic acid, prepared by Schmidt and 
first employed in 1929, has since been widely used, cures being obtained in a considerably shorter time than 
with other drugs and attaining the order of 80%. Still more recently lithium antimony thiomalate has given 
promise of being effective in the treatment of these same infections, but more extensive clinical data are 
required before its true value can be assessed. The fact that some 50% of the population of Egypt is said to 
be infected with these parasites emphasises the great importance of these chemotherapeutic agents and the 
urgency of the problem they are called upon to solve. ‘ 

To deal adequately with the chemotherapy of malaria would require a whole series of lectures. This 
afternoon I shall concern myself more particularly with the two synthetic products, atebrin and plasmoquin, 
which have been found to be of practical value as chemotherapeutic remedies for the disease. 

Quinine has long been known to have a specific effect upon malaria and in spite of the large number of 
products which have been examined for antimalarial properties, this alkaloid is still generally considered to be 
the most satisfactory remedy. So nearly do the principal cinchona alkaloids resemble one another in their 
mode of action that totaquina, a mixture of cinchona bark alkaloids, is now widely employed. It can, of 

’ course, be produced much more cheaply than quinine—a factor of the greatest importance in dealing with a 
disease of such widespread prevalence. 4 

In 1880, Laveran discovered the plasmodia responsible for malaria and when, later, certain similar 

parasites were found in many animals and birds, it became possible to devise laboratory tests for the deter- 
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mination of antimalarial activity. The compounds examined in this way have, for the most part, been based 
on considerations of the structure of quinine and of methylene-blue. 

In 1891 Ehrlich and Guttmann observed that methylene-blue had a weak, though quite definite anti- 
malarial effect. It is to this observation that we owe the ultimate discovery of plasmoquin and atebrin. 
Schulemann, Schonhéfer, and Wingler, working in the laboratories of the I.G. Farbenindustrie, started from 
methylene-blue and systematically modified the length and character of the side chain, until Roehl was able 
to report that, by replacing one methyl group of a dimethylamino side chain in methylene-blue by a diethyl- 
aminoethyl substituent, activity was definitely increased. 

Attention was next directed to heterocyclic systems other than the phenothiazine of methylene-blue, 

icularly to derivatives of quinoline closely allied to that in quinine, while retaining the type of side chain 
which had been found to be effective in increasing the activity of methylene-blue. As a result of these further 
experiments it was found that such derivatives of 6-methoxy-8-aminoquinoline in many cases showed marked 
antimalarial properties. The most promising of these was 6-methoxy-8-(w-diethylamino-«-methylbutyl- 
amino)quinoline which Schulemann and his collaborators introduced into chemotherapy in 1924 under the 
name plasmoquin. This product (now officially recognised in this country as “‘ pamaquin ’’) acts mainly on 
the gametocytes, the sexual forms of the malarial parasite, in contrast to quinine, which acts mainly on the 
schizonts or asexual forms. 
. oe practice plasmoquin was found to be somewhat too toxic for very general employment and is now 
used mainly in conjunction with quinine or atebrin. The latter compound, now officially termed ‘“‘ mep- 
acrine,” was the result of further research in which the acridine nucleus was substituted for that of quinoline : 
it is 2-chloro-7-methoxy-5-(w-diethylamino-a-methylbutylamino)acridine and was first synthesised by Mietsch 
and Mauss in 1930. Like quinine, it acts mainly on the schizonts of the parasite, but acts rather more rapidly 
than does quinine. It has proved to be a very effective antimalarial, although its use requires rather more 
strict medical supervision than that of quinine. Its main disadvantages are the production of gastric 
disturbances in a proportion of cases and a temporary yellowing of the skin following administration. 

The loss of the main source of supply of cinchona—to the Japanese, soon after their entry into the war— 
brought the United Nations face to face with an almost complete cessation of supplies of quinine—supplies 
which, in view of the vast numbers of troops that would be exposed to infection with malaria, were of the 
utmost importance to the conduct of the war. All the available quinine bothdn America and in this country 
was immediately reserved for this essential service. The amount thus made available was, however, estimated 
to be sufficient only for a limited period of time and in both countries the manufacture of mepacrine on a 
scale never before envisaged was put into operation. 

The full story of this great achievement will, no doubt, be told after the war, but the effectiveness of this 
antimalarial is now fully manifest and the use of this chemotherapeutic agent has rendered inestimable 
great triumph for chemotherapy. 

In this short review of some aspects of chemotherapy I have touched only on some of the more outstanding 
results achieved in the field of tropical medicine by chemotherapeutic research. For many years this field 
of investigation was one of the major concerns of the great German firms dealing with synthetic drugs. In 
this country interest in the subject has for long been far from that which our responsibilities to our Empire 
should demand. Fortunately there is every sign that the potentialities of research in this field are now being 
realised and great developments may confidently be expected. 


of 
L, 
- 
ts 
g 
1- 
ir 
Ig 
ly 

1€ 
n 
re . 
to 
‘is 
n, : 
of 
be : 
sir 
of 
a 

' 3 


356 Obituary Notices. 


OBITUARY NOTICES. 
FREDERICK DANIEL CHATTAWAY. 
1861—1944. 
FREDERICK DANIEL CHATTAWAY passed away peacefully at a Nursing Home in Torquay on January 27th 


in his 84th year. 

He was the eldest child of Daniel Clarke Chattaway, a ribbon manufacturer in Coventry, Warwickshire, 
and the collapse of this industry in 1870 caused the family considerable financial strain. Chattaway’s career as 
a student was more varied than that of most chemists and throughout he supported himself by means of 
scholarships. His first scientific training was at the Mason College, Birmingham, where he worked under 
Professor W. A. Tilden; he subsequently spent two years at the Univeristy College of Wales, Aberystwyth, 
and then proceeded to Christ Church, Oxford, where he studied under A. G. Vernon Harcourt and at the end 
of three years went to Munich to work under Adolf v. Baeyer and E. Bamberger. In the course of his career 
he took the B.Sc. degree of the University of London in 1890 with first class honours in Chemistry, the B.A. degree 
at Oxford in 1891 with Ist class honours, the Ph.D. degree, Munich, in 1893, ‘‘ Summa cum laude,”’ and in the 
same year the D.Sc. degree of London. 
iB He was elected a Fellow of the Chemical Society in 1894, subsequently served on the Council for several 

; years and between 1894 and 1936 published some 150 papers in the Journal. He was elected a Fellow of the 
Royal Institute of Chemistry in 1899, served for 5 separate periods on the Council and for 2 periods as a Vice- 
President, and finally he obtained the Fellowship of the Royal Society in 1907. 

His academic appointments were only two, viz., St. Bartholomew’s Medical School, London, and The Queen’s 
College, Oxford. Jn 1893 he became a demonstrator under Dr. W. J. Russell at the Medical School and was 
appointed Head of the Chemical Department on Dr. Russell’s retirement. He resigned this post in 1905, as 
he wished for wider opportunities for research. In 1907 he became an assistant to Dr. Cronshaw at The Queen’s 
College, Oxford, and succeeded him in 1910. He was elected a Fellow and subsequently Tutor and Praelector 
in Chemistry. He continued teaching in Oxford to 1935 but remained a Supernumerary Fellow of Queen’s 
until his death. During all these years at Oxford he devoted all his spare time to research work and trained 
many students in the methods of organic research. 

The period between his London and Oxford appointments was spent on the continent in the study of 
Physical Chemistry, first with Bredig at Heidelberg and subsequently with Ernst Cohen at Utrecht. 

Chattaway was a true “‘ organic chemist ’’ and practically all his research work was in this field, investigating 
the reactions between different types of compounds, isolating new products and elucidating their structure 
both by analysis and by synthesis. 

As a teacher and researcher he was.characterised by industry and enthusiasm and both of these he was 
capable of transmitting to his students. . For many years he gave up much time to examination work, but this 
was not from choice but as a means of assisting his financial resources. 

Chattaway’s introduction to research was made at Munich, where he worked with Eugen Bamberger on 
the structure of some of the more complex hydrocarbons of coal-tar. The results of this work were published 
in some eight papers dealing with the structure of ais chrysene, phenylnaphthalenes, dinaphthyls and 
diphenylbenzenes. 

In London he took up the study of “‘ nitrogen jodide,” largely with K. J. P. Orton, and after proving the 
structure H,N:NI, studied the action of water, acids, alkalis, reducing and oxidising agents on the compound, 
the results being published in the American Chemical Journal. This work was followed by a study of 
N-halogenated acylanilides of the type, C,H,*NCl-COR, also with Orton, and with the wandering of the halogen 
into the benzene ring. The conclusion was drawn that the migration of the chlorine under the influence of 
acids is intra- and not inter-molecular, free chlorine being formed which then attacks the anilide ring in the 
v- or p-position. The liberation of chlorine by the action of hydrochloric acid on an N-chloroacylanilide 
was subsequently shown to be an extremely useful method for the regulated chlorination of compounds too 
sensitive to the usual methods. The work on N-chloro-compounds was extended to the preparation of ary]l- 
sulphonamide derivatives of the types C,H,-SO,-NCl, and C,H,’SO,-NMeCl, and members of this group 
which have subsequently found great use in surgery for treatment of infected wounds are chloramine-T, 
and Nitrogen chlorides derived from aliphatic 
diamines, viz., NCl,*[CH,],"NCl, and NClAc:(CH,],NClAc, and also N-halogenated derivatives of carbamide 
and other diamides, including phenylcarbamide, oxamide, malonanilide and malonanilic acid, were also prepared 


and a simple method for the synthesis of — Cogn aa OO. from s-dichlorocarbamide and 


ammonia devised. 

Several papers on isomeric hydrazides and on perhalides of quaternary ammonium salts, e.g., NRX3, NR,X;, 
NR,X, and NR,X,, followed together with papers on perhalides of alkaloids. 

A characteristic feature of Chattaway’s work was the zest with which he undertook the study of a common 
chemical reaction and as the result of careful observation threw new light on its mechanism or isolated products 
which had previously not been noted. Among such studies may be mentioned : (1) The conversion of ammon- 
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jum cyanate into carbamide, (2) the interaction of glycerol and oxalic acid, (3) the oxidation of sucrose by | 
nitric acid, (4) preparation of tetranitromethane, (5) the chlorination of ethyl alcohol, leading to a study of 

alkyl hypochlorites of which the tetra-alkyl compounds are comparatively stable, (6) study of nitro-derivatives 

of benzil, (7) compounds of the thioparaldehyde type from chloral, (8) quantitative acetylation of phenols in» 
aqueous solution with acetic anhydride, (9) the production of copper mirrors on glass, (10) action of ammonia 

on esters, where it is shown that, by introducing strongly kationoid centres into the alkyl group, ¢.g., 

CH,CO-O-CHCEr*xo,. the carbon of the alkyl group becomes so electron-attracting that it and not the 
carbon of the carbonyl group is attacked by ammonia, yielding acetic acid and yyy-trichloro-« nitro-$-amino- 
propane, CCl,-CH(NH,)-CH,-NO,. 

In 1902 he published several papers on the action of halogens on ‘arylazoacetates and related compounds. 
By diazotising tribromoaniline and coupling the product with ethyl acetoacetate, he obtained ethyl 2: 4: 6- 
tribromophenylazoacetoacetate, C,H,Br,-NH‘N:CAc‘CO,Et. When brominated, this yields products which 
vary with the conditions. (a) In acetic acid solution in presence of water or anhydrous sodium acetate a 
quantitative yield of the bromo-compound, C,H,Br,-NH-N:CBr-CO,Et, is formed by the elimination of an 
acetyl group; (b) in glacial acetic acid or chloroform substitution in the methyl group occurs and the product 
is C,H,Br,“NH-N:C(CO,Et)-CO-CH,Br (I), which is also formed by condensing tribromobenzenediazonium 
chloride with y-bromoacetoacetic ester. Further bromination yields the compound with the group ‘CO-CHBr, 
and finally, by elimination of the -CO,Et group, the poduct C,H,Br,‘NH-N:CBr-CO-CHBr, is formed. The 
w-bromine atom in (I) is reactive and readily replaced by NH,, and the amino-compound so formed reacts with 
an alcoholic solution of potassium acetate, yielding a 4-hydroxypyrazolone derivative. 

A good deal of Chattaway’s latest work dealt with the study of the condensation products of chloral, bromal, 
dichloroacetaldehyde and butylchloral hydrate with phenols, amides, etc. Chloral itself unites with p-sub- 
stituted , >enols, the product being of the aldol type NO,-C,H,-O-CH(OH)-CCl,. This product under the influ- 
ence of sulphuric acid yields the isomeric phenol, NO,-C,H,(OH)-CH(OH):CCl,, which can unite with a second 
molecule of chloral, forming NO,-C,H,-[O-CH(OH)-CCl,]-CH(OH)-CCl, and by the elimination of water a 


derivative of 1 : 3-benzdioxan is formed, viz., NOCH cc). Dea The presence of a substituent 


ortho to the OH groups in the phenol inhibits the formation of a dioxancompound. 1: 3-Dioxan itself can be 
prepared by condensing p-nitrophenol with formaldehyde and semevilg the nitro-group from the condensation 
product. 

Chloral unites with carbamide, yielding first CCl,<CH(OH)-NH-GO-NH, and finally CO(NH-CH(OH)-C@i,]},; 
the second stage, however, does not occur with mono- or unsymmetrical dialkyl- or diaryl-ureas. Otherdiamides, 
e.g., oxamide and malonamide, also unite with urea, but with malonanilic acid carbon dioxide is evolved. 
Chloral condenses with arylhydrazines. With phenylhydrazine the reaction is violent hut with halogen- 
ated phenylhydrazines simple condensation occurs with the elimination of water and the formatioh of a 
hydrazone, which readily loses hydrogen chloride at the ordinary temperature, forming a red azo-compound : 
C,H,Cl,-NH-N:CH-CCl, —> 

Chattaway also published several papers on the action of halogens on substituted benzaldehydephenyl- 
hydrazones. The halogen substitutes both in the nucleus of the hydrazine residue and also the hydrogen of 
the original -CHO group (w-substitution). The w-halogen is extremely reactive and is readily replaced by NH, 
or by ‘NH-NH,. The w-hydrazino-derivatives react with nitrous acid, yielding derivatives of 1 : 5-diphenyl- 


dihydropentazine cyclic compounds with five N-atoms in the ring, HNQon ->NPh. 


Chattaway’s influence in the laboratory i is best expressed in the words of one of his old students, *‘ Dr. 
Chattaway was a most stimulating and inspiring influence in the laboratory and filled us with enthusiasm for 
research. His own tireless energy at the bench and dogged perseverance when things did not go well was an 
example we shall never forget.’ Legend has it that the only occasions on which he showed the least signs of 
losing his temper were when he came across a student working i in a slovenly way on a dirty bench. The repri- 
mand invariably had the proper effect. His absorption i in his laboratory work was such that, unless reminded, 
he was apt to forget an engagement or a lecture.” 

In the usually accepted meaning Chattaway had no hobbies, but apart from his work he had two absorbing 
passions. The one was for English literature and poetry and the other for the English countryside. His 
memory was such that after reading a poem twice his knowledge of it was complete. He himself was no mean 
poet and when a student at Christ Church was awarded the ‘‘ Constance Naden ”’ gold medal by the Council 
of the Mason College for a poem entitled “‘ Persephone’. His love of rural England was shown by his annual 
two or three weeks tour with a friend—in the earlier days on foot, then on cycle and finally by car. He loved 
the old churches, old monuments and tombs, speculating on the characters of those commemorated. It was 
always a pleasure to him to engage in opveqention with any countryman or woman and to obtain their views on 
many matters, 

Another characteristic was his intense loyalty to institutions and friends. The former is shown by his 
life-long attachment to the University College, Aberystwyth, and the University of Wales. For very many 
years he was a member of the Council and of the Court of Governors of the College and also of the University 
and was a ee attendant at their meetings. He was a past president of the Aberystwyth-Old Students’ 
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Association and a past Warden of the Guild of Graduates of the University. His interest in and devotion 
to educational matters in Wales were such that a well-known Welsh leader once said “‘ I believe Chattaway 
could have any post in Wales if he wanted it.” 

- For many years he was a member of the Court of Governors of the University of Birmingham and took a 
keen interest in the work of the University. 

To friends of his earlier days he remained intensely loyal. This is shown in his life-long Shintibtes with 
John Humphrey Davies, afterwards Principal of the Aberystwyth College, and W. H. Lewis, for many years 
Professor of Chemistry at the University College of the South West at Exeter. Both were fellow students of his 
at Aberystwyth and at Oxford. I first met Chattaway in 1891 when he was proceeding to Munich and I to 
Heidelberg. We made a short tour through Belgium and up the Rhine together and he stayed with me in 
Heidelberg for a few days before going on to Munich; I often met him afterwards in Aberystwyth, Oxford, 
and latterly in Torquay. Even in his latter days he was a stimulating conversationalist and as stated by one of 
his friends ‘‘ In his prime he was brilliant in conversation and was prepared to argue on any topic and on any 
side, but always in such a whimsical manner that the debate never ran off on unfriendly lines.”’ 

In 1894 he married an old Aberystwyth student—Elizabeth Bettany, the second daughter of Thomas 
Bettany of Birmingham. His only son, who was a King’s scholar at Eton and then a Scholar of Christ Church, 
Oxford, obtained a commission in the Cheshire Regiment in 1915 and was killed in action at Thiepval in 1916. 
This sad loss was felt by Chattaway for the rest of his life. His widow and only daughter survive him. 
The daughter, Dr. Margaret Chattaway, took her B.A. degree from St. Hugh’s College and subsequently the 
Ph.D. degree. For some time she was demonstrator in Botany at the Royal Holloway College and then joined 
the School of Forestry, Oxford, as research botanist. She was awarded the “‘ Elizabeth Sterling ’’ Fellowship 
at Yale and on leaving there joined the F.A.N.Y.’s and is now a Junior Commander in the Army Education 
Department. J. J. SUDBOROUGH. 


GERALD TATTERSALL MOODY. 
Born March 6th, 1864; died, October 23rd, 1943. 


Moopy was born a Londoner and remained one, always residing in the Dulwich area. He chose Chemistry 
as a career at an early stage when the enlarged facilities for learning it were just coming into being. He was 
one of the first students of Henry E. Armstrong at Cowper Street, at Finsbury and at the Central Technical 
College at South Kensington, the Colleges founded by the City and Guilds Institute, and became in due course 
demonstrator, taking charge of the famous first year ‘“‘ heuristic ’’ course. Later he followed F. S. Kipping as 
Lecturer. He was a valued member of the brilliant team, Wynne, Kipping, Pope, Lowry, Lapworth, Forster, 
associated with trong. 

Moody will be remembered by many for the part he played in the difficult task of expounding the heuristic 
method to the first year students, mainly engineers, at the Central Technical College, who did not always 
take kindly to the doctrine. By practically abolishing the use of textbooks and thereby compelling them to 
rely almost entirely on their own efforts, particularly in the laboratory work, a method of independence was 
developed which experience has shown to be of the greatest use in dealing with new problems of every 
description. 

As a very young boy Moody became interested in chemistry through his maternal Gendindies, then an old 
man, who in his earlier days had been associated with Owen in delivering lectures at the Bermondsey Mechanics 
Institute. In his middle teens, in 1880, he was one of the first students in the temporary laboratory roughly 
constructed in one of the attics of the Cowper Street School to which H. E. Armstrong and W. E. Ayrton had 
been apointed teachers pending the building of Finsbury Technical College, which was originally intended as a 
trade school, but on the advice of Armstrong, Ayrton and Robins was changed to a technical College, with day 
and evening classes. 

Armstong took to young Moody and at once welcomed him into his family circle, encouraging his wider 
interests, and, finding that they had many tastes in common, took him on geological excursions. Moody was 
always a keen walker and went off for long walks with his dog in Kent on Saturdays. Later he always took his 
holidays high up in the mountains in Switzerland. He shared with Armstrong a love and an understanding 
of gardening and was a regular attendant at the Royal Horticultural Shows. Another interest common to 
both men was a love of music—he became a frequenter of the Opera. 

Moody went on to Finsbury, attending both day and evening classes. When the new building—the Central 
Technical College at Kensington—was opened, Armstrong was appointed as Professor and Moody went there 
with him. As the students grew, for it must be noticed that the facilities were provided ahead of the students, 
novel methods of teaching were developed by each of the four professors—Unwin, Ayrton, Armstrong and 
Henrici—who became world famous. 

His preoccupation with teaching gave Moody little time for research He published 4 papers in our Journal 
and 11 in the Proceedings, one of the most important being on the mechanism of the rusting of iron, always a 
controversial subject. He gave a paper to the Geological Society on the cause of variegation in coloured rocks. 

Moody first took an interest in finance in connection with his mother’s capital. He applied his keen 
analytical mind to the study of investing as a science and finally abandoned teaching to spend his whole time 
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inthe city. He became Chairman or Director of several Investment Trusts and other companies, some of which 
he led out of difficulties to prosperity. He was very successful and had a high reputation in the City, amassing 
a considerable fortune which he bequeathed to the Dyers’ Company. Armstrong always took pride in Moody’s 
success in Finance as proving the all-round value of the heuristic training. 

Moody was exceptionally versatile and capable of great application. In addition to his London external 
degree of D.Sc., and we believe a degree in Music, he read for the bar and became a bencher of Grays Inn, being 
called to the Bar in 1910 when he was 46. , 

He took a considerable part in the affairs of London University, being a member of the Senate and of the 
Council for external students. 

Moody had a long connection with the Worshipful Company of Dyers and was elected Prime Warden in 
1936. Mogdy represented the Dyers’ Company on the City and Guilds Institute and served on their various 
committees as well as on the Delegacy which manages the City and Guilds College. He represented them also 
on the Medal Committee of the Society of Dyers and Colourists, a connection which led to his election as President 

of this society in 1936. 

He married Hester Sophia Dixon, one of a large family, whose brothers, Walter Dixon, F.R.S., the pharma- 
cologist, and Vice-Admiral Sir Robert Bland Dixon, Chief Engineer to the Navy, both attained distinction. 

Moody’s early cynicism induced by contact with unruly students developed with advancing age, but he 
retained and cherished his friendship with many old chemical friends. He and his wife found great pleasure 
in giving ho$pitality both in their charming house and gardens on Sydenham Hil and in town. 

E. F. ARMSTRONG. 


GEORGE SENTER. 
1874—1942. 


THE passing of the late Principal of Birkbeck College will have aroused many thoughts of gratitude and regret 
in those who love the College. For nearly the whole’ of the period between the two great wars he directed its 
development, and its graduates all over the world will remember the inspiration, advice, and practical help he 
has given them. They will regret that his years of retirement have been all too few and have been darkened 
by another war. 

George Senter was born on January 25th, 1874, at Kildrummy, Aberdeenshire. He was the son of a farmer 
in a corner of Scotland which escaped most of the troubles of the Stuart times and in which educational oppor- 
tunities have long been available for all classes. Senter soon showed his quality and won the Bell Scholarship 
of the Pharmaceutical Society, which hrought him to the Society’s school in London, where he qualified as a 
pharmacist. His true love, however, was chemistry and he wooed her in the laboratories of Ramsay, at Univers- 
ity College, London, and in those of Ostwald at Leipsig. There he made many lifelong friends amongst the 
enthusiastic group of students who were founding the new science of physical chemistry. His gifts as teacher, 
writer and administrator were quickly recognised on his return to London. His most famous book, ‘‘ Outlines 
of Physical Chemistry,”’ was first published in 1909 and has run through seventeen editions. This book has 
inspired generations of students throughout the world and its clarity and common-sense attitude have been 
greatly valued. . In 1912 the title of Reader was conferred on him and in the same year he was elected a member 
of the Senate of London University. In 1914 he was appointed Head of the Chemistry Department of Birkbeck 
College. It is an interesting sidelight on the views held thirty years ago that this appointment required him to 
resign from the Senate. In 1918 he became Principal of the College and thereafter the story of his life is one of 
outstanding service to the College and the University. 

His first task as Principal was to revive the life of the College after the damage caused by the first ml 
war. This was made more difficult by the large influx of students who crowded both day and evening classes. 
The writer well remembers the problems which arose in 1919 to 1921 with accommodation packed beyond capacity 
and the staff all too few and often inexperienced. Yet students, staff, and Principal were full of enthusiasm 
and these hectic years are a happy memory. During this period two important events occurred which were 
largely due to the efforts of the Principal. The sports ground at Greenford was acquired in 1919 and in 1921 
the College was recognised as a School of the University. This recognition was for five years in the first place : 
it was renewed in 1925 and finally was granted without time limit in 1932. The report of the University 
inspectors which led to this decision summarised the progress of the College in the following words, “‘ The 
College has expanded quickly in many directions and fulfils with increasing efficiency its original aim, namely, 
that of providing culture and instruction in the evening for students who are otherwise occupied in the daytime 
and who seek the degrees of the University. We believe that in this aim and achievement Birkbeck Cone is 
unique in the British Isles.’ 

Two features of the progress of the College in the twenties and early thirties may be mentioned, since they 
were particularly encouraged and fostered by the Principal. The first was the development of a corporate 
student life which presented many difficulties in an evening College. Senter took a special interest in the activi- 
ties of the Students’ Union and was regularly to be found at the sports ‘ground at Greenford not only on the 
high days of special athletic events but also on the pleasant informal occasions of the ordinary week-end activi- 
ties. The other feature of College life on which Senter laid special stress was the development of postgraduate 
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work. The success of this is shown by the fact that from 1931 until the outbreak of the present war about 180 
postgraduate students registered each session. They were divided almost equally between the Faculties of 
Arts and Science. 

As a physical chemist Senter made a number of important contributions to the science, and though he was 
Principal of Birkbeck College he for many years remained Head of the chemistry department and directed the 
work of a group of research students. His earlier work was concerned with the development of biological 
applications of the new science of physical chemistry and included some work on enzyme reactions. His major 
work was, however, the application of methods of chemical kinetics in the problem of the Walden inversion. 
This was pioneering work undertaken at a time when little was known about the complexity of such reactions. 
In a series of papers published in the Journal of the Chemical Society between 1914 and 1925 Senter and his 
students shed a good deal of light on the problem of replacement reactions in solution. After 1925 his duties 
as Principal compelled him to give less and less time to this work. More recently Ingold and his collaborators 
have made important advances in this field and have paid tribute to the valuable work which came from 
Senter’s laboratory. Senter’s contributions to the Faraday Society’s discussions must also be mentioned; in 
particular his introductory paper to the discussion on “‘ Passivity ”’ is a model of clearness as well as a summary. 
of valuable information. Of his other publications his “‘ Outlines of Physical Chemistry ” has already been 
mentioned; his ‘“‘ Textbook of Inorganic Chemistry ”’ has also been of great help to students. Both books 
are characterised by extreme clearness of expression and a common-sense attitude towards theory which are 
especially helpful to beginners. ' 

It would be tedious to recite all the University appointments which Senter held. Suffice it to say that he 
served on the Senate from 1912 to 1914, 1922 to 1923 and from 1928 to 1939. The last period he was ex-officio 
a member of the Senate in virtue of his position as Principal of the College. This brought Birkbeck into line 
with other large colleges whdse heads are automatically Senators. In 1934.to 1935 he was Deputy Vice- 
chancellor. He served on many committees and boards; of these chemists will remember his helpfulness. on 
the Board of Studies in Chemistry, of which he was Chairman for thirteen years. 

S. SUGDEN. 
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